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PREFACE. 



The main object of this Treatise on the Link and SKde Valve, 
is to place in the hands of the Mechanical Engineer and Draughts- 
man, a simple method for determining the proportions suitable to 
any Link Motion, without the assistance of an expensive and cum- 
brous model, or the delays incident to its manipulation. 

Secondarily, to supply the Student of Steam Engineering with 
a comprehensive view of those Siuses which regulate both the 
form and dimension of the cylinder, slide valve and eccentric. 
This portion of the work has grown incidentally out of the first ; 
for as the link merely combines the action of the two eccentrics, it 
was obviously necessary that the functions of one of these should 
be clearly understood before an attempt was made to develop 
the laws of their joint action. It is hoped, however, that these 
Parts L and IL will not prove entirely devoid of interest to the 
skilled designer, but that they will at least receive a hasty survey, 
for the sake of the light they throw on the general subject through 
the medium of Part IIL 

We are aware, that most Engineers consider the use of a model 
as absolutely indispensable to the proper adjustment of a Link 
Motion, and that they are wont to look with skepticism upon all 
ejforts made to solve the problem by other means. So far as these 
feelings are entertained against an algebraic or trigonometric 
solution they rest on a firm foundation and receive our hearty 
approval ; for we have been led to believe from careful investigation 
that it is utterly impossible to construct for this case a formula of 
any practical value, since the question involves from sixteen to 
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iV PEEFACE. 

twenty variable quantities, the majority of which exeri; a controlling 
influence on the motion and many introduce irregularities quite 
beyond the powers of algebraic expression. 

But at the very point where such analysis fails, geometric con- 
struction tenders its most efficient . aid and furnishes a simple 
solution of this abstruse problem. The method of investigation has 
been copiously illustrated with cuts — ^Part IV — showing the link 
template drawn in all of its important positions. These have been 
considered of greater importance for a clear understanding of the 
subject than the employment of a more diffuse explanation. They 
are however apt to produce at first sight an erroneous impression 
regarding the conciseness of the method, but this will always be 
corrected by a single construction trial, which at once reveals how 
5maZ? an amount of work is actually required for accomplishing the. 
object in view. 

The Table of crank angles for different locations of the piston 
cannot fail to effect a great saving of time, for it enables the 
designer to instantly locate the eccentrics for any piston position, 
without resort to laborious construction. 

Besides treating of the various methods by which a link should 
be suspended for accomplishing certain results, the manner of 
attaching the eccentric rods has been carefully examined and 
diagrams presented that show what form should be adopted for 
meeting most directly the requirements of an accurate adjustment. 

A brief discussion of the subject of independent cut-offs will be 
found in Part V., together with general remarks on Friction, Clear- 
ance, Travel, &c. 

We have added an Appendix for the benefit of those who desire 
a mathematical investigation of the subject of crank and piston 
motion and who would fain inquire more minutely into the princi- 
ples involved in the Stroke Table. This has purposely been 
separated from the body of the work, which we have aimed as far 
as possible to preserve free from all algebraic formulae, in order to 
render it more acceptable to the majority of mechanics. 

We trust that these will appreciate the peculiar directness of the 
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solutiong effected by the Teavel Scale, in that it determines im- 
mediately the very dimensions desired, without taxing the investi- 
gator's patience by leading him through intricate constructions to 
an uncertain result 

The work is now presented to the Engineering community, 
not without consciousness of its imperfections, yet with the hope 
that it will tend to simplify in many minds the subject of eccentric 
and link motion and serve as a st^ping-stone to further discoveries. 

W. S, A. 
New Tobx. March, : 



PREFACE TO THE THIRD EDITION. 

The Author desires to express his gratitude to the Profession 
for their very cordial reception of his Work, as well as to the several 
Faculties who have already adopted it, as a text-book in their 
Colleges. 

He has endeavored to eliminate from the present Edition all 
typographical errors, and otherwise to render it, as fitr as possible, 
worthy of regard as a Standard Work in its Department 

New Yobk, Moffch, 1870. 



Digitized by LjOOQIC 



Digitized by 



Google 



CONTENTS. 



PART I. 

The Slidb Valve — Elementabt F^mciPLES asd General Pbo- 

POBTIONS 11 



PART II. 

General Propobtioks Modified bt Cbakk and Piston Connec- 
tion 58 

PART III. 
Adjustable Ecoentbics 78 

PART IV 
Link Motions • • • 89 

PART V 
Independent Cttt-Off, Cleabance, Etc. .••••• 147 

APPENDIX. 

FoRMTTLifi Relating to Crank and Piston Motions . . .161 



TRAVEL SCALE. 

Attached to the Back Cover 



Digitized by 



Google 



OF Tj; 






Digitized by 



Google 



PART I. 



THE SLIDE VALVE. 



ELEMEITTAET PEmCIPLES 



AKD 



GENEEAL PEOPOETIOFS. 



Digitized by 



Google 



Digitized by 



Google 




POWER AND WORK. 



The fandamental query in designing a steam-engine 
has reference to the power required to accomplish a given 
amount of work. 

The term worlc^ when employed in a mathematical 
sense, signifies the continuous overcoming of an oflTered 
resistance along a definite path. 

The quarvtity of work is the product of that resist- 
ance into the space passed over. 

As the standards of weight and distance differ through- 
out the world, the expressions for quantity of work also 
differ. With the English standard of pounds avoirdupois 
and feet, the quantity of work is said to consist of a certain 
number of foot-pounds. But with the French standard 
of weight, the kilogramme (=2.20462 lbs. avoirdupois) and 
of distance, the m^tre (=3.28089 ft.), the expression becomes 
a certain number of kilogrammetres. 

Thus the quantity of work expended in raising a weight 
of 300 lbs. through a vertical height of 10 ft. =3,000 ft. -lbs. 
and that of elevating a weight of 60 kilogrammes to a height 
of 20 metres =1,000 kilogrammdtres. The quantity of 
work performed by the steam in the cylinder of an engine, 
equals the mean effective pressure exerted upon the entire 
area of the piston multiplied by the space passed over in a 
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12 HOBBE POWER 

given time. The interval of time nsnally taken is one min- 
vte; hence, if the distance traveled by the piston during a 
single revolution of the crank be multiplied by the number 
of revolutions made per minute, their product will equal 
the required space. 

Suppose, for instance, the mean eflEective pressure on 
each square inch of a piston, having an area of 1,500 sq, 
ins., is 60 lbs. ; then the total pressure will be 1,500x60 
=90,000 lbs., and If the crank makes 40 revolutions per 
minute, with a piston stroke of 3 ft., the speed of the piston 
becomes 3 ft. x 2 x 40=240 ft. i)er minute ; consequently the 
quantity of work =90,000 lbs. x240 ft. =21,600,000 ft. -lbs. 



I.-HOESE POWER. 

A force capable of raising a weight of 33,000 lbs. one foot 
high in one minute is termed a Horse power. 

The expression originated at the time of the discovery 
of the steam-engine ft^om the necessity which then arose for 
comparing its powers with those of the prevailing motor. 
In its early history this unit had three prefixes — ^Nominal, 
Indicated, and Actual — derived from the various methods 
of estimating the power. The nominal horse power was 
based on the general practice of the age, which dealt with 
low pressures and slow piston speeds. These quantities 
have of late years been greatly increased and the old 
formula in consequence, grown of less and less importance 
as a true expression of relative capacity. 

Indicated horse power designates the total unbalanced 
power of an engine employed in overcoming the combined 
resistances of friction and the load. Hence it equals the 
quantity of work performed by the steam in one minute, 
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HOB8E POWEB. 13 

divided by 33,000. Thns, in the above example, the indi- 
cated horse power equals 

21600 000 ^)^i^ 
^^'^^^ 654 HP 

The mean effective pressure can alone be determined by 
means of an instrument called the Indicator. 

The Actual or net horse power, expresses the total avail- 
able power of an engine, hence it equals the indicated horse 
power less an amount expended in overcoming the friction. 
The latter has^two components, viz: the power required to 
run the engine, detached from its load, at the normal speed, 
and that required when it is connected with its load. It is 
customary in designing massive engines — ^in the absence 
of reliable data — to estimate the loss of available pressure 
by the unloaded friction at 2 lbs. per square inch, and sub- 
sequently to deduct 7J per cent, for the friction of the 
load. Thus, if the mean pressure of the steam within the 

cylinder =60 ^Jj:r 

2 
It becomes 58 after allowing for unloaded friction, 58 

And 7^ % of this for the friction of the load = 4.4 ' 

Gives a net pressure of 63.6 n*. 

But for small engin£S of the ordinary design the total loss 
by friction wiU, in many instances, amount to 15 or 20 % of 
the mean pressure. 

Thus, if the mean pressure =60 lbs. 

15 ^ of 60 = total loss by friction =_9 " 

Gives an available pressure of. 51 " 



The French apply the term I^orce de cheval to a 
power capable of raising 4,500 kilogrammes 1 metre high 
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in 1 minute. Eeducing these quantities to their equiva- 
lents in pounds and feet and multiplying together, we fin^ 
that their horse-power equals a force capable of raising 
32,549 lbs. 1 foot high in a- minute, which is about ^ less 
than the English unit of measure. 

The following Table furnishes the Force de cheval 
equivalents of horse powers ranging between 10 and 100 : 



Hone Power. 


Fore* de cheval. 


Horse Power. 


FOTCe de cheval 


lO 


10.14 


60 


60.83 


15 


15.20 


6s 


65.89 


20 


20.28 


70 


70.97 


25 


25-34 


75 


76.03 


30 


3041 


80 


81. II 


35 


35.48 


85 


86.17 


40 


40.55 


90 


91-25 


45 


45.62 


95 


96.31 


SO 


50.69 


100 


101.3856 


55 


55.75 


• • 


. . . 



For powers greater than 100, and less than 1,000, multi-? 
ply these terms by 10 ; or, if in excess of 1,000, multiply 
by 100. 



II.-MEAI^ EFFECTIVE PEESSUEE. 

The character of the connections between the boiler and 
steam cylinder, their length, degree of protection, number 
of bends, shape of valves, etc., must all be considered in 
forming an estimate of the initial steam pressure in the jcyl- 
inder ; while the mean effective pressure will depend upon 
the point of cut-off of the steam, and the freedom with 
which it exhausts. 

The exact portion of the stroke that should be completed 
before this closure or cut-offtakes place is a vexed question 
among engineers, and its discussion is foreign to the object 
of this Treatise, in which— with the exception of noting cer- 
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15 



tain limits prescribed by diflferent valve motions — ^it will be 
considered as predetermined. 

Having chosen a point of cut-off, and having estimated 
the initial pressure of the steam for a given boiler pressure, 
the question of mean pressure exerted by the steam through- 
out the piston's stroke, can be approximately solved by 
the subjoined Tahle^ which has been computed in the ordi- 



Mean Pressure^ Volume^ and Temperature Table, 



u 




> 

1 








STROKE = ] 


. 






Lbs. 


b 




MEAN PRESSURE FOR VARIOUS CUT-OFFS. 




\ox 


for 


2 or 


for 


for 


|or 


ior 


H 
Deg. 


0£5 


0J7S 


0,5 


0£25 


0M6 


0,15 


0,815 




L^. 




Lbs. 






Lbs. 


20 


260 


765 


ir-9 


14.9 


16.9 


18.4 


18.7 


19.3 


19.8 


25 


267 


677 


T4-9 


18.6 


21.2 


23. 


233 


24,1 


24.7 


30 


274 


608 


17.9 


23-3 


25.4 


27.6 


28. 


28.9 


29.7 


35 


281 


552 


20-9 


26. 


29.6 


32.1 


32.7 


33.7 


34.6 


40 


287 


506 


23'9 


29.7 


33.9 


36.8 


37-3 


38.5 


39-6 


45 


293 


467 


26.8 


33.4 


38.1 


41.3 


42. 


43.4 


44-5 


50 


298 


434 


29.8 


37.1 


42.3 


45-9 


46.7 


48,2 


49.5 


55 


303 


406 


32.8 


40.8 


46.6 


5^.5 


51.3 


53. 


54.4 


60 


308 


381 


35^S 


44.5 


50.8 


55.'i 


56. 


57.8 


59.4 


65 


312 


359 


3S.8 


48.2 


55. 


59.7 


60.7 


62.6 


64.3 


70 


316 


340 


41.7 


52. 


59.3 


64.3 


65-3 


67.5 


693 


75 


320 


323 


44' 7 


55-7 


63.5 


68.9 


69.9 


72.3 


74.2 


80 


324 


307 


47-7 


59.4 


67.7 


73.5 


74.6 


77.1 


79.2 


85 


328 


293 


SO.? 


63.1 


71.9 


78.1 


79.3 


81.9 


84.1 


90 


332 


281 


53-7 


66.8 


76.2 


82.7 


84. 


86.7 


89.1 


95 


335 


269 


56.7 


70.5 


80.4 


87.3 


88.7 


91.6 


94. 


100 


338 


259 


S9'7 


74.2 


84.6 


91.9 


93-3 


96.4 


99. 


105 


341 


249 


62,6 


77-9 


88.9 


96.5 


97.9 


lOI.I 


103.9 


no 


344 


239 


65.6 


81.6 


93.1 


lOI.I 


101.6 


105.9 


108.9 


"5 


347 


231 


68. 6 


85.3 


97.4 


105,6 


106.3 


1 10.8 


113.8 


120 


350 


223 


71.6 


89. 


101.6 


1 10.2 


1 10.9 


115. 6 


1 18.8 


125 


353 


216 


74.6 


92.7 


105.8 


114.8 


115.6 


120.5 


123.7 


130 


356 


209 


776 


96.4 


no. 


119.4 


120.3 


125.3 


128.7 


135 


358 


203 


, 80.6 


1 00. 1 


1 14. 2 


124. 


125. 


130.1 


-^ZZ'^ 


140 


360 


197 


i^Jo 


103.8 


1 18.5 


i?8.6 


130.6 


134.9 


138.6 


145 


363 


191 


i^<io 


107.5 


122.7 


133-2 


1353 


139.7 


143.5 


150 


365 


186 


%.s 


III. 2 


126.9 


137.8 


140. 


144.5 


148.5 


Common difference . 


3.0 


3.7 


4.2 


4.6 


4.7 " 


4.8 


5.0 
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nary manner with the aid of logarithms (Naperian Base). 
The first column is given lor pressures above that of the 
atmosphere, or the same as registered by an ordinary 
steam-gauge. The second and third, for temperature and 
volume, are taken from Mons. Regnault's Experiments 
on Saturated Steam. In the estimate for volume, that of 
the water producing the steam was considered equal to 
Unity. The Table makes no allowance for clearance. 

If from the mean pressure we subtract the mean value 
of the back pressure, or that which may arise from imper- 
fections in the exhaust, which is usually taken for low- 
pressure engines at from 1 to 2 lbs. per square inch, the 
resulting pressure will be the mean effective pressure (in 
pounds) exerted on each square inch of the piston and may 
be represented by the letter P. 

For high-pressure engines (having an ordinary slide 
valve) a more exact determination of the mean effective 
pressure may be secured from the subjoined table, which 
embodies the results of 50 experiments made by Mr. Gooch, 
in 1851, with the locomotive ''Great Britain," whose boiler 
pressure varied from 60 to 160 lbs. per square inch. 

Mean EffectiiM Pressures incident to a Simple Slide- Valve Motion for 

various Cut-offs, 



Cut-off at— 


Mean Pressure. 
(Boiler press. = i.oo.) 


Cut-Off at— 


Mean Pressure. 
(Boiler press. = i.oo.) 


O.I 


0-15 


0.45 


0.62 


0.125=^ 


0.2 


0.5 =1 


0.67 


0.15 

0.175 
0.2 


0.24 
0.28 
0.32 


0.55 

0.625=1 
0.666 = 1 


0.72 
0.79 
0.82 


0.25 =1 


0.4 
0.46 


0.7 

0-75 =1 


0.85 
0.89 


o.333=i 


0.5 =^ 


0.8 


0.93 


0.375=1 


0.55 


0.875=1 


0.98 


0.4 


0.57 


.... 


. . . 
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SPEED OF PISTON. 17 

EXAMPLE. 

^. j Boiler pressure = 70 lbs. per sq. in. 

1 Steam cut oflF at | of the stroke. 
Hequired.— The mean effective pressure P ? 

We learn from the table that this pressure for a cut-off 
of f the stroke is 0.82 of the boiler pressure. 

Then 70x0.82 = 57.4, or 
The mean effective pressure P = 57.4 lbs. per sq. in. 



III-SPEED OF PISTOS". 

The speed S, or number of feet travelled by the piston 
in one minute, like the subject of cut-off, rests with the 
judgment of the individual designer. Nothing more will 
be attempted in this connection than the presentation of 
quantities most frequently found in ordinary practice : 

Small stationary engines from. 170 to 230 ft. per min. 

Large stationary engines 250 to 3od* * *^ 

(Rarely as high as 350 ft.) 
River and Sound steamer engines .... 350 to 500 " 

Marine engines 250 to 600 « 

The Corliss stationary engine 400 to 500 " 

(Usually 50 revolutions.) 
Locomotive engines about 600 " 

(Occasionally 700 or 800 ft.) 
The Allen engine , .600 to 800 " 

(Generally the former speed.) 

It is interesting to note that a fine specimen of the latter 
2 
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18 BIAMETEB OF PISTOK. 

form of engine was operated snccessfolly by Mr. Charles T. 
Porter, during the late "Exposition UniverseUe," at the 
astonishing speed of 1,400 feet per minute. 



lY-DIAMETEE OF PISTOS". 

Having decided the questions relating to indicated horse 
power, mean available pressure P and piston speed S, aU 
the elements are at hand for determining the area of the 
piston, and consequently its diameter. 

The formula for indicated horse power, solved with ref- 
erence to sucK area, will read : 

^_ 33, 000 X Horse power 
^- S^^P 

or, Area of piston is found by multiplying the required 
indicated Jiorse power hy 33^000^ and dividing the pro- 
duct hy speed of piston multiplied hy the mean available 
pressure. 

The corresponding diameter can be obtained from an 
Area Table. 

EXAMPLE. 

Suppose that the indicated horse power=100. 

Piston speed =300 ft. per minute. * 

Mean available pressure=21 lbs. 

Then the 

. 33,000x100 ^„o 

^"^= k)0x21 =523.8 sq.m, . 

Which gives a diameter of about 26 inches. 
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Y.-STEOKE OF PISTOE^. 

The general expression for the stroke of an engine (in 
feet) is, 



g^l^^_ Pistes Speed 

2XNO. of Revolutions* 



conversely, 



No. of Revolution8=:?^*?^^. 

2 X Stroke 

There are many circnmstances tending to limit the 
stroke of a piston. Among other considerations the diam- 
eter of a paddle-wheel influences the number of revolutions 
that can advantageously be made by the crank of a side- 
wheel steamer, and consequently determines the stroke 
when the piston speed is chosen. Peculiarities of design 
frequently make it desirable that an engine should be run 
at a slow speed and transmit its power through gearing. 

Again, the diameters of .pulleys for shafting exert an 
influence, as when the main shaft of a shop is required to 
run at 120 revolutions per minute, then 60 revolutions for 
the crank of the engine, will allow a ratio of 2 : 1 between 
the diameter of the band wheel and shaft pulley. 

With a very rapid piston speed, the stroke of the engine 
is due more to a length imposed on the connecting rod by 
the necessities of the design, than to the number of revolu- 
tions of the crank. In the case of the locomotive, the 
stroke is generally about 34 inches, and the piston speed 
600 feet per minute, while the speed of the engine which 
depends on its power and the diameter of its drivers, ranges 
between 20 and 60 miles per hour. 

The accompanying table has been calculated, for drivers 
of different diameters, to represent the number of revolu- 
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tions they will make per minute, irrespective of slip, when 
the engine travels at given speeds per hour. 



Revolutions made by Driving Wheels of Locomotive at given speeds. 


Driving-wheel diam- 
eter. 


SPBBO IN MILES PBR HOUR. 


Revolu- 


20 miles. 


25. 


so. 


S5. 


Jfi. 


60. 


tions 
per mile. 


4 ft. o in. 


140 


175 


210 








420. 


4 " 3 " 


132 


165 


198 


. . 




1 


395-5 


4 " 6 " 


124 


156 


186 


. . 




1 


373.6 


4 " 9 " 


118 


148 


177 


207 




I 


354. 


5 " o " 


^ 


140 


168 


196 




336. 


5 " 3 " 


I 


134 


160 


187 




•B 


320.2 


5 « 6 " 


s 


128 


153 


179 


204 


•3 


305.9 


5 " 9 " 


I 




146 


170 


195 


& 


292.3 


6 " o " 


i 




140 


163 


187 




280.3 


6 « 3 *• 


*3 




135 


157 


179 


224 


269. 


6 " 6 " 


i 




129 


150 


172 


216 


258.6 


7 « o " 


tA 




120 


140 


160 


200 


240. 



The subjoined table is applicable to stationary and 
marine engines : 

No. of Revolutions of Crank for Given Stroke and (approximate) 

Piston Speed. 



Stroke. 


PISTON SPEED. 


Ft. 












Ft 
















Ft. 




200 


210 


22Q 


225 


2S0 


2^0 


250 


260 


270 


280 


290 


SOD 


320 


SJiO 


S50 


I ft. 6 in. 


67 


70 


73 


75 


76 


80 


83 


86 


90 


93 


97 


100 


106 


"3 


ir6 


I " 8 " 


60 


63 


66 


68 


70 


72 


75 


78 


81 


84 


87 


90 


96 


100 


105 


I "10 " 


55 


57 


60 


61 


63 


66 


68 


71 


74 


76 


79 


82 


88 


93 


96 


2 « " 


50 


52 


55 


56 


57 


60 


63 


65 


67 


70 


72 


75 


80 


85 


87 


2 " 3 " 


44 


47 


49 


50 


51 


53 


55 


58 


60 


62 


64 


66 


.72 


76 


78 


2 " 6 " 


40 


42 


44 


45 


46 


48 


50 


52 


54 


56 


58 


60 


64 


68 


70 


2 " 9 " 


36 


38 


40 


41 


42 


43 


45 


47 


49 


51 


53 


55 


58 


62 


64 


3 " " 


2^3 


35 


36 


37 


38 


40 


42 


43 


45 


47 


48 


50 


53 


56 


58 


z'' :i'' 


31 


32 


33 


34 


35 


37 


38 


40 


41 


43 


44 


46 


50 


52 


54 


^''6'' 


29 


30 


31 


32 


33 


34 


36 


37 


38 


40 


41 


43 


46 


48 


50 


3 " 9 " 


27 


28 


29 


30 


31 


32 


33 


34 


36 


37 


39 


40 


43 


45 


47 


4 " " 


25 


26 


27 


28 


29 


30 


31 


32 


34 


35 


36 


38 


40 


42 


441 


4 " 3 " 


23 


24 


25 


26 


27 


28 


29 


30 


32 


33 


34 


35 


38 


40 


41 


4 " 6 " 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


35 


38 


39 


4 " 9 " 


21 


22 


23 


23 


24 


25 


26 


27 


28 


29 


30 


31 


33 


36 


37 


5 " « 


20 


21 


22 


22 


23 


24 


25 


26 


27 


28 


29 


30 


32 


34 


35 
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These dimensions, the stroke of piston and diameter of 
cylinder, are so constantly nsed in comparing engines of 
diflferent powers, that, as far as possible, they shonld consist 
of whole numbers quite free from aU fractions of an inch. 



VL-AEEA OF STEAM POET. 

This dimension ranks next to cut-off in its controlling 
influence upon the proportions of the valve seat and face. 
It may justly be considered as a Base from which all the 
other dimensions are derived in conformity with certain 
laws. Its value depends greatly upon the manner in which 
the port is employed, whether simply for admitting the 
steam to the cylinder, or for purposes both of admission 
and exit. In cases of admission it is evident that the pres- 
sure will be sustained at substantially a constant quantity 
by the flow of steam from the boiler. But in cases of exit 
or exhaust, a limited quantity of steam, impelled by a con- 
stantly diminishing pressure, forces its way into the atmo- 
sphere with less and less velocity. If, then, the engine is 
supplied with two steam and two exhaust passages, the 
ports will be correctly proportioned when the areas of the 
latter exceed those of the former by an amount indicated 
by careful experiment. When, however, one passage per- 
forms both duties, it should have an area suitable for the 
exhaust and be opened only a limited amount for the 
admission of the steam. Very excellent results have been 
found to attend the employment of an area equal to 0.04 
of that of the piston, and a steam-pipe area of 0.025 of the 
same, when the speed of the piston does not exceed 200 ft. 
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per minute, but widely-different factors are demanded by 
higher speeds, like those peculiar to locomotives. 

In the year 1844 M. M. Gouin and Le Chatelier insti- 
tuted a series of experiments for ascertaining the value of 
such terms. These were continued about six years later by 
Messrs. Clark, Gooch, and Bertera, upon engines of British 
manufacture. The various results haviag been collated 
and analyzed by Mr. Clark, were finally presented to the 
ptiblic in his valuable work on "Railway Locomotives.'^ 
From* this it appears that with a piston speed of 600 ft. per 
minute, an area of 0.1 that of the piston was found to give 
practically a perfect exhaust, a steam-pii)e area of 0.08 a 
free admission of steam to the chest, and a port opening of 
from 0.6 to 0.9 the entire width of the port, depending on 
the humidity of the steam, a free admission to the cylinder. 

The following table has been prepared for intermediate 
speeds of the piston on the assumption that for average 
lengths of pipe the area increases as the speed, and that a 
higher speed is usually attended by increased pressure : 



Speed of Piston. 


Port Area. 


Steam-Pipe Area. 


200 feet per minute. 


.04 area of piston. 


.025 area of piston. 


-2SO « 


.047 " " 


.032 


300 « 


•055 " " 


.039 " 


350 " 


.062 ! " 


.046 « « 


400 « 


.07 " " 


.053 « 


.450 " 


.077 « « 


.06 " « 


500 


-085 « « 


.067 " " 


■ 550 " 


.092 " 


.074 


6lo « 


J « (( 


.08 " « 



Having determined the area of the steam port, the next 
step will be to resolve it into its factors, length and breadth. 
When a small travel of the valve is essential, the length 
should be made as nearly equal to the diameter of the cyl- 
inder as possible ; then the port area divided by the length, 
famishes of course the value of the breadth or S in Pig. 1. 
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The content to which the valve shionld opeifb this port for the 
ddmission of the steam will equudfrom 0.6 to 0.9 qf the 
value of Sj and the minimum travel di the valve, that 
which with a given cut-off jnst opens the steam port the 
amount of this limit. The maximvm travel is governed by 
expediency, the general tendency of an excess over the 
TniTiiTTiTiTTi tmvel Is to render the events of the stroke iruyre 
decisive, the cut-off takes place with greater brevity, avoid- 
ing unnecessary wire drawing of the steam and the release 
opens rapidly, affording a more perfect exit. Where the 
travel is small, these good qualities should be secured by 
increasing this term, until the valve gives an opening equal 
to or even greater than the width of the steam port. With 
a large travel no such attempt should be made, since it 
would inevitably sacrifice much Work in friction and cause 
a far greater loss than gain. 

EXAMPLJS. 

Diameter of a certain piston=26 inches. Areai=631. 
Piston speed=350 ft per minute. 
Reqvired. — Width of steam port, minimum width of 
port opening and diameter of supply steam pipe. 
From the Tables we have : 

Sq. Inchefli 

Area of steam port=531 x .063=33 sq. inches. 
The4ength of the port=diameter of cylinder=26". 
And the width=f |=1.3 inches or 1^. 
Minimum width of port opening=0.6 xl.3=| inch. 

8q. inches. 

Area of steam pipe=631 x .046=24.4 sq. inches. 
Consequently the diameter=6i inches. 

In the Corliss Engine, where the steam is admitted and 
exhausted through different valves, it is customary to give 
the steam passage an area of ^ to ^ that of the piston, and 
the exhaust an area of from i^ to ^. 
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In this connection a few remarks may appropriately be 
i;nade with reference to the formation of the valve edge and 
the waUs of the steam port. The experiments of scientists 
like Weisbach, D' Anbnisson and Koch, prove that the vari- 
ous phenomena of contraction in the flnid vem observed in 
the flow of water are equally true for gases, the formulsB of 
discharge however have slightiy different coeflScients of 
efflux. The character of the discharge will evidently vary 
with the extent of opening offered by the valve edge, from 
what is termed "discharge through a thin plate" at the 
commencement, to that through a "short tube" with the 
faU opening. Pig. 1 illustrates the natural convergence 

Fig. 1. 




which takes place in the filaments of the steam vein with 
the common slide valve. If the edge were formed as in 
Pig. 2 the discharge would be much improved and ren- 
dered simUar to that which occurs through an ordinary 
"mouthpiece." 

The curvature of the valve edge should commence far 
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Fig. 2. 








* 



m 



iy 



I I'l 



i> ^r 



enough above the rubbing surfaces to permit a limited 
amount of wear without altering the proportion of the parts. 

Every eflfbrt should also be made to reduce the amount 
of clearance for the steam and loss of head by friction, to a 
minimum value. Hence the passage from the port to the 
cylinder must be constructed as short as possible, be of 
uniform cross section and bend with easy curves if bending 
is indispensable. 

In the moulding of a cylinder casting, the cores for the 
steam and exhaust passages should be faced with very 
great care, in order to secure surfaces along which the 
steam will flow with perfect freedom. 
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In essaying the study of an intricate subject like the 
relative motions of the piston and the ordinary slide valve 
of a steam engine, it is of the utmost importance to first 
divest the parts of all the complicatmg mfluences which 
arise from special constructions and present them in such 
simple and elementary forms, that the discovery of the fun- 
damental laws governing their motions may be facilitated. 
If these are clearly defined, the deduction of others adapted 
to special cases will subsequently be accomplished with 
comparative ease. 

The entire series of events which take place within the 
cylinder of an engine, occur when the piston has reached 
definite positions in its complete stroke. It foUows since 
there is in practice no fixed limit to the stroke, that an in- 
finite number of such positions may be occupied, and in 
order to exjpress them by a standard which shall apply 
equally to all cases, a unit scale must be adopted. The 
stroke of all pistons therefore will be regarded throughout 
this Treatise as equal to Unity ^ and their positions at cer- 
tain important periods, as decimal portions of the entire 
stroke. 

If a movable point is cadsed to travel around a fixed 
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one, in the same plane, at a constant distance therefrom, it 
will describe a curved line called a circle. For the pnr- 
pose of locating any position in the path of the movable 
point, the circle has from remote ages — ^though not wisely — 
been divided into 360 equal parts called degrees (360°), each 
degree into 60 minutes and each minute into 60 seconds. 

While the piston of an engine performs a single stroke, 
the crank-pin makes a semi-revolution (180°) about the 
centre of the main shaft, each position of the former conse- 
quently corresponds with some angular position of the 
crank-arm, and if these angles are arranged in a Table we 
can instantly determine therefrom the number of degrees 
over which the pin must pass in order to bring the piston 
to any desired position. 

Pio. 8. 
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Since the "slotted cross-head" shown in Fig. 3 is the 
only form of connection between the crank-pin and piston, 
in which the piston moves from one extremity of the stroke 
to the other at the same speed as the crank-pin— measured 
on the stroke line — ^it will answer our purpose for deter- 
mining the fundamental principles of the piston and valve 
motions. The arrangement of the parts are clearly shown 
in the Figure. The crank-pin is surrounded by blocks BB, 
these slide freely up and down the solid frame FH to which 
the piston-rod is welded, so that while the crank-pin ad- 
vances from D to G the block mounts towards F, returns as 
it approaches E and descends towards H on the return 
stroke ED. For convenience, the cylinder wUl always be 
regarded as lying on the right-hand side of the main shaft 
and the point of the crank-pin circle nearest to the cylinder 
as the zero or starting point of the forward stroke. 

TABLE A. 



Piston Position. 


Crank Angle. 


Piston Position. 


Crank Angle. 


Piston Position. 


Crank Angle. 




D^r. 




Degr. 




2?^^, 


O.I 


361 


o..5625=A 


97J 


o8i3=ii 


I28i 


0.125=1 


4is 


0.575 


98g 


0.82 


I29f 


0.15 


451 


0.6 


lOI^ 


0.83 


131? 


0.175 


492 

535 


0.625 =1 


io4i 


0.84 


I32I 


0.2 


0.65 


107] 


0.85 


I34I 


0:225 


56I 


0.666 =1 


io9i 


0.86 


1365 


0.25 =1 


60 


0.68 


iii^ 


0.87 


137^ 


0.275 


63i 


0.687 =iJ 


112 


0.875=1 


I38I 


0.3 


66| 


0.69 


II2| 


0.88 


1392 


0.325 


692 


0.7 


ii4i 


0.89 


I4I4 


0.333 =i 


7K 


0.71 


0.9 


I43g 


0.35 


1^1 


0.72 


ii6| 


0.91 


1455 


0.375=1 


n\ 


0.73 


117I 


0.92 


1475 


0.4 


iH 


0.74 


ii8| 


0.93 


i49g 


0.425 


81I 


0.75 =1 


120 


0.94 


1515 


0.437 =r5 


82I 


0.76 


I2l| 


0.9s 


i54g 


0.45 


84} 


0.77 


I22| 


0.96 


156I 


0.475 


\^ih 


0.78 


I24I 


0.97 


l60g 


0.5 =i 


\oo 


0.79 


1251 


0.98 


I63I 
168^ 


0.525 


9fg 


0.8 


I26I 


0.99 


0.55 


9^ 


0.81 


I28I 


1. 00 


180. 
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The foregoing Table famishes angnlar positiooi^If^'^A^* 
crank-arm corresponding with the various points iit^-ttf^ 
stroke which may at times be occupied by the piston. 

To illustrate its application, suppose for — . 

\ 

EXAMPLE. 

The stroke of a certain piston =36 inches. 

Query. — ^How many degrees will the crank have passed 
over when the piston reaches points respectively 9" and 
23|" distant from the commencement of its stroke ? 

6)9.00 
1st 5^=6)1.50=0.25 of the sti-oke. 

^^ 0.25 

2d. ¥J=^I^=0.649 of the stroke. 

Then by the Table : 

0.25 of the stroke=an angular passage of 60^. 

0.65 " = " " '107J^ 

The required angles. 



Again : Suppose the stroke of a piston=36", and that 
the crank has passed over 112°. How far wiU the piston 
have advanced \ 

The Table gives for 112° a piston position of 0.687 of the 
stroke. 

Therefore 0.687 x 36" =24|'' the distance advanced by 
the piston while the crank has advanced 112 degrees. 



There is securely fastened to the crank shaft a device 
called an ^'eccentric,'' which serves to impart a recipro- 
cating motion to the slide valve. Upon close inspection it 
appears that this is only a mechanical subterfage for a 
Bmall crarik. 

The travel of any valve being smaU compared with that 
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of its piston, the crank required for its motion has &e- 
qu^atly an arm or 'Hhrow^^ c h shorter than one-half the 
diameter aeot the main shaft, Fig. 4. Hence to avoid cut- 

FiG. 4 




ting the shaft and the expense of forming the crank c &, the 
pin w, 71, and enclosing strap of the rod are greatiy en- 
larged nntil they attain the common diameter M N, the 
former may then be slipped on, and keyed fast to the shaft 
a e. Of course the motion will not be altered by this 
change, but the same reason that led to the adoption of the 
slotted cross head for tracing the piston's progress, now 
compels us to substitute a small slotted cross head and rod 
for the eccentric rod. In the sequel therefore both the 
crank pin and the eccentric pin (or centre of a centre) will 
be considered as transmitting their motions through slotted 
cross-heads to the piston and the valve. (See Pig. 5.) 

The axes of the cylinder and of the valve stem do not 
always pass through the centre of the main shaft. When 
that of the latter lies above and parallel to the former, as 
shown in the figure, some expedient must be adopted for 
carrying the motion of the eccentric pin up from the point 
q in the central plane of the engine to e in that of the valve. 
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This is frequently accomplished by aid of a bar qde called 
a ^^ rocker^^ free to oscOlate on its finnly supported axis d. 
The direction of the motion then becomes the reverse of that 
produced by the eccentric pin and if the x^ns q and e are 
made to operate in vertical slots no irregularity will be 
introduced by this arrangement. 

Having explained the general features of these control- 
lers of motion, the crank and the eccentric, and having 
resolved them into their elementary forms, we pass to con- 
sider the parts moved and seek the law of their proportions. 

The plain slide valve of a steam-engine is a device by 
which the entrance and exit of the steam is regulated for 
the opposite ends of the cylinder. It is essentially a case 
A, resting on a plane surface o o as seen in cross section in 
Figs. 5 and 11. Through this surface are cut three passages 
S', S", and E, separated by the partition walls B, B, called 
^'hridges.^^ The two former lead to the opi)osite extremi- 
ties of the cyliQder, and the passage E called the "6a:- 
JiausV^ leads through an oval pipe to the atmosphere. 
The valve A is suflBiciently large to cover both the passages 
S', S", when standing in its neutral position. A second 
case D, D, called the ''steam cTiest^^ encloses the valve A 
and is secured rigidly to the plane surface c c. Being 
larger than the valve it leaves over it much tmoccupied 
space to which the only entrance is through the aperture F. 
This space is the "reception room" — so to speak — of the 
cylinder ; to it, the steam is admitted from the boiler through 
F and kept in waiting during such times, as the valve in its 
motion completely covers the two ports. 

Figure 5 represents the crank-pin at the zero point of its 
path, the piston at the extremity H of its stroke, the valve 
in the neutral position and all the parts ready for motion. 
A complete revolution of the crank will carry the piston 
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forward to K and l^tum it to the starting point H. What- 
ever events take place in the journey from H to K should 
be repeated in the same order on the return route from K 
to H, hence in studying the motion we will seek to render 
it perfect for the trip from H to K and leave the parts when 
the latter point is reached in the same relative positions as 
those occupied for H, so that the one will become simply a 
counterpart of the other. The first point, evident, is that 
the port S' must be opened and again closed for the proper 
admission of the steam during the stroke of the piston from 
H to K ; in other words, while the piston is making one 
entire stroke the valve must accomplish a half and a return 
half of its stroke. Such an operation can only be brought 
about by securing the eccentric pin in the position/ or h on 
a line at right angles to the crank-arm, that of/ being suit- 
able for a direction of the crank indicated by the arrow. 

Let us trace the two motions throughout one revolution 
of the crank. Moving it from the zero to the 90° point will 
draw the piston from the position H to the half stroke or 
the line c", d\ will advance the eccentric pin from ftolc, 
the rocker from e qto ef q', the centre of the valve from V 
to V" and completely open the port S'. As the crank pro- 
gresses from 90°" to 180° the eccentric pin will travel from k 
towards &, gradually closing the port S' and completely 
covering it when the 180° point is reached, thus leaving the 
valve in the same position at the terminus of the stroke that 
it occupied at the commencement. On the return stroke 
from K to H the port S" will in like manner be opened and 
again closed. In thus hastily following the two entrances 
of the steam to the cylinder, we have lost sight of its mode 
of escape after performing the work of forcing along the 
piston. Let us suppose that one revolution has been com- 
pleted and the piston is prepared for a second journey from 
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the position H. The space J is now filled with steam and 
some passage of escape must be opened. This is provided 
in the port and pipe E, which are thrown into immediate 
communication with the passage S" when the valve com- 
mences its motion, the opening becoming^ wider and wider 
as the travel progresses, only closing when the piston 
reaches the point K and is ready to receive fresh steam 
through the passage S" for the return stroke. * 

Such is a brief outline of the parts and functions of the 
simplest form of slide valve, in which the steam is admitted 
at the commencement of the piston's stroke and not ex- 
cluded until that stroke is completed. 

This arrangement, however, is not attended with econo- 
mic results, for it entirely ignores that remarkable property 
of steam, its elasticity. To render this latent power availa- 
ble, the steam should be admitted during only a portion of 
the piston stroke, the valve should then be closed and the 
confined volume of steam allowed to complete the remain- 
ing portion, by developing its power of expansion. 

But how c^n our elementary form of valve and position 
of eccentric be modified for attaining this desirable result ? 

Suppose a cut-off were required at a piston position of 
0.93 of the stroke. By carry tag the crank to the 150^ posi- 
tion (as in Pig. 6) we observe that the port S remains 
opened a distance I and the most ready means for effecting 
its 'closure is to lengthen the valve face by this amount. 
Since the cut-off must take place at relatively the same 
piston position in both strokes, an equal addition must be 
made to the other edge of the valve. Such additions to the 
outer edges of the valve, for the purposes of cut-off, are 
called overlap or simply *' lap^ The extent of this lap in 
the present case is evidently equal to the horizontal dis- 
tance of the eccentric's centre/" from the 90° line, because 
8 
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without lap it would naturally close at this lirke. The same 
distance expressed in degrees would fee equivalent to a 
''lap angle'' of 30°. 

But on referring to Fig. 6 it is clear that no such addi- 
tion can be made without necessitating a change also in the 
eccentric location, for it would render the admission 30"" too 
late. Hence if we add a lap to the valve equivalent to an 
eccentric motion of 30° from its neutral position, we must at 
the same time unkey the eccentric, and having advanced it 
also 30° refasten it on the main shaft. The number of de- 
grees by which the eccentric is thus carried forward from a 
position at right angles to the crank-arm is termed the 
"angular ad/oanx^e'' of the eccentric. 

When the -eccentric stands at right angles to the crank 
the exhaust closes and release commences at the extremi- 
ties of the stroke, consequently if the eccentric be moved 
ahead 30° not only will the cut-off take place 30° earlier, or 
at a crank angle of 120° instead of 150°, but the release as 
well as the exhaust will take place 30° earlier or at the 150° 
crank angle. Although we have not secured by this pro- 
cess the cut-off aimed at, yet the investigation distinctly 
points out the means at our command for the accomplish- 
ment of any cut-off and will enable us to construct a Scale 
for determining the magnitudes of such alterations. For a 
cut-off of 140° there would be required an angular advance 
of 20° and a lap equivalent to the distance these degrees 
remove the eccentric centre from the line at right angles to 
the crank ; for a cut-off of 160°, an advance of 10° with a 
corresponding lap, and so on ; the exhaust closure taking 
place respectively at the 160° and 170° crank angles. 

This closure of the exhaust confines the steam in the cyl- 
inder until the port is again opened for the return stroke ; 
consequently the piston in its progress will meet with in- 
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creasing resistance from the steam which it thus compr^s 
into a less and less volume. Such opposition when prop- 
erly proportioned aids in overcoming the momentum stored 
up in the reciprocating parts and tends to bring them 
economically to a state of rest at the end of each stroke. 
Since the closure of one port is simultaneous with the open- 
ing of the other, a release will take place of the steam 
which was previously impelling the piston. Within cer- 
tain limits this also is conducive to a perfect action of the 
parts, for an early release enables a greater portion of the 
steam to escape before the return stroke commences, where- 
as a release at the end of the stroke would be attended by 
a resistance of the piston's progress, from the simple fact 
that steam cannot escape instantaneously through a smaU 
passage, but requires a certain definite portion of time de- 
pendent on the area of the opening and the pressure. The 
larger the opening then the less the occasion for antici- 
pating the moment of exhaust. 

We learn therefore that the moments of exhaust closure 
and release are, when the valve has neither "inside lap^^ 
nor its converse " inside clear ance^^^ directly dependent 
upon the angular advance of the eccentric, and that an an- 
gular advance of 20° produces a closure at a crank angle 
of 160°, one of 30° at 150° and so on, the resistance becom- 
ing continually greater as the angular advances increase. 
A limit at length is reached where this resistance really 
becomes detrimental, and an amoimt of power is absorbed 
quite inconsistent with economy of action. On this account 
the single eccentric is rarely used to efltect cut-offs of less 
than I the stroke. Earlier cut-oflfe require two valves and 
two eccentrics, the one set for regulating the cut-off of the 
steam, the other its admission and escape. This subject 
will be more fully discussed in Part V. 
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The principles just develoi)ed can be embodied in a sin- 
gle Diagram called the Travel Scale, whose construction 
is illustrated by Pig. 7. 



Fw. 7. 



iTMVEl, 



EXHAUST CLOSURE MQLESs 
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To (he Reader, —K Cop- 
per-plate engraving of the 
TRAVEL SCALE wiU be 
found attached to the back 
eoTcr, 
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Let E F D represent the path traversed by the centre of 
an eccentric whose throw equals 3J inches, consequently \v 
the travel of its valve=7 inches. Then C F at right angles 
to D E will be the normal position of the eccentric from 
which the angular advances must be laid off. Extend this 
line to some convenient point A and join the extremity D 
of the travel with A. Divide the line C A into 7 equal 
parts, and through these points draw lines parallel to D E 
to represent all the travels less than 7 inches. Finally pro- 
ject eafch degree of the arc D F upon the line D C and join 
the points thus found with the point A. ^ 

The distances from the Base Line C A, at which this 
group of lines intersect the travel lines, will indicate what 
lap should be given to . accomplish various cut-offs, and 
their distances from the extreme travel line D A will give 
the width of the steam-port opening due to these travels and 
Qut-offg.. Thus for 7" travel and a cut-off of 120° the eccen- 
tric must have an angular advance of 30° and the valve a 
lap equal to T C, giving thereby a port opening ? D ; while 
a travel of 4 inches with the same cut-off only requires a 
lap of ? C' and has a port opening of Z" ef . The exhaust 
closure of course takes place in both cases at a crank angle 
of 150, or piston position of 0.93 the stroke. 

It will be observed that this Scale may be applied with 
perfect accuracy to travels greater than 7 inches by making 
^ese lines represent their multiples ; for instance, a 4-inch 
travel may stand for one of 8 or 12 inches ; a 6-inch travel 
for one of 12 or 18 inches, and so on. In such cases the 
values of the true lap and lead will be double or thrice 
those given by the Scale. Since the same principle holds 
for travels less than 2 inches, it is clear that the Scale 
must apply to aU possible dimensions. 

^ slip of paper and a pencil are the only parapJiernalia 
of the Travel Scale. To illustrate its use take for — 
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EXAMPLE. 

Extreme width of port opening must=li inches and the 
valve must cut off steam at 0.82 the stroke. 

Required. — ^Angular advance of the eccentric, travel of 
valve, lap and point of exhaust closure. 

Table A gives for a piston position of 0.82 the stroke a 
crank angle of 130°, for this cut-off an angular advance of 
aS"" will be required (see line C D of the Travel Scale). 

Apply the edge of a slip of paper to the Inch Scale and 
mark off the desired width of the port opening a, 6, as in 

Fig. 8. 

• __o ' ANGULAR MVANQE, 
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Cany the same to the Travel Scale, place the mark a 
over the 90° line.C A and slide the edge — parallel to the 
line C D— unta the mark 6 stands directly over the 25° an- 
gular advance or lap-angle line. The 4| inches line of 
travel, upon which the slip of paper here stops, will be the 
correct travel for the valve. Before removing the paper 
mark the position c of the Base line. Finally return the 
slip to the Inch Scale and measure the lap b c, which gives 
^1 of an inch. The exhaust closure on one side and release 
on the other will of course take place at the 155° angle of the 
crank (see line C D) or at a piston position of about 0.95 
of the stroke. 

Angular Advance=25°. 

Travel of valve=4| inches. 

Lap=|f inch. 
I Exhaust closes at 0.95 of the stroke. 
The solution of such problems as the . subjoined, will 
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DIBECTION OF CBANK MOTION. 39 

tend to familiarize the Reader with the method of using 
this Travel Scale : 

1st To cut off at I the stroke, with port opening of IJ 
inches. 

Required. — AngulaT advance of the eccentric, travel of 
valve, lap and point of exhaust closure. 

2d. To cut off at | the stroke, with port; opening of If ins. 

3d. *' " \ " " " " " 3 " 

4th. " " 0.7 " " " " " - \\ " 



DIEEOTION OF ORAFK MOTION^. 

The direction of any crank motion depends on two con- 
ditions — 1st. The presence or absence of a rocker for trans- 
mitting the motion ; 2d. The location of the angular ad- 
vance with reference to the central line of the valve motion. 
Both of these may be conveniently expressed in a single 
Diagram like the accompanying Fig. 9, in which the posi- 

PlG. 9. 




tive sign (+) represents a motion in the direction of the 
hands of a watch, the negative (— ) a reverse motion. T<> 
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produce a positive motion in any engine, whose eccentric 
acts through a rocker, lay off the angular advance from the 
line bf in the 1st quadrant (the crank standing at the zero), 
but for one without a rocker, the angular advance must be 
laid off from the same line in the 3d quadrant. The 4th 
and 2d quadrants in like manner belong to the negative 
motion. The reason for making such a disposition of the 
angular advance wiU at once appear upon tracing out 
either of these motions. 

When the power of an engine is transmitted through a 
wide belt to the machinery, the direction of its crank mo- 
tion wiU be determined by the relative locations of the 
main and crank shafts. The strain should invariably be 
made to fall upon the lower portion of the belt, the upper 
being thereby relaxed, sags upon its pulleys, increases the 
frictional surface, and materially improves the adhesion of 
the belt. 



LEAD. 



This term is applied to an alteration made in the plan 
of the valve motion for the purpose of concealing and neu- 
tralizing an effect, due to imperfect workmanship as well as 
continual wear in the boxes of the crank and cross head 
pins. The diflBculty may be best explained with the as- 
sistance of Fig. 10. 

Suppose, for instance, both boxes of the connecting rod 
A B, fit loosely upon the crank and cross-head pins, that the 
crank moving in the direction indicated by the arrow, has 
reached a location C A within 8 degrees of the zero, and that 
the piston (on account of the lost motion in the boxes) falls 
short of its true position B, a distance B B. If now the 
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momentum of the motor carries the crank-pin past its zero, 
the piston, which at the moment of passage is no longer 
urged or restrained by the connecting rod, will by virtue 



Fig. 10. 




of its own momentum continue moving in the direction of 
H until all the lost motion being expended, its progress is 
suddenly checked and it is itself again brought under the 
control of the connecting rod, which then draws it forward 
upon the return stroke. These concussions are reproduced 
at the end of each stroke with a degree of force and sound 
directly dependent on the extent of the lost motion and the 
momentum of the piston with its connecting rod. Where 
the parts are of great weight, as in a marine engine, the 
sound becomes very loud iand the engine is said to 
'Hhump^^ or "pound^^ on the " centres. ^^ Two ways pre 
sent themselves for counteracting this effect ; the one, by 
making the boxes so durable and the workmanship so per- 
fect that lost motion becomes almost impossible ; the other, 
by introducing a resistance to the momentum of the piston 
capable of completely overcoming it before the end of the 
s'roke, in other words by allowing the steam to enter the 
cylinder a short time prenious to the termination of the 
stroke. With small engines the first method is practicable, 
but in large ones both are more commonly employed be- 
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cause with these, a very small amount of lost motion suf- 
fices to produce a disagreeable sound. 

The width of port opening given by any valve at the 
moment its crank passes either centre, is called the " lead^^ 
of the valve ; and the angular distance of the crank from 
its zero at the instant this opening commences, the "lead 
angUy 

The opening together with the angle (or time) limit the 
power of the steam in its effect upon the lost motion ; for 
even a small opening continued through a long time ma 
prove as efficient for the admission as a large opening 
during a very short time. 

Since sound, the effect of lost motion, depends upon the 
weight and velocity of the reciprocating parts, the lead re- 
quisite must vary for different engines and also for the 
same engines at different velocities. The exact amount can- 
not be predicated in any particular case, but after the en- 
gine has been constructed it may be experimentally deter- 
mined by gradually increasing the angular advance of the 
eccentric until some position is found which results in a 
smooth and noiseless movement of the reciprocating parts. 
We have Ibefore alluded to the effect of compression by a 
premature closure of the exhaust, but it must be distinctly 
understood that this agency unassisted cannot neutralize 
the evils of lost motion without injuring the admission 
of the return stroke. In this respect it differs from lead. 
It should then usually be supplemented by lead in order 
ta accomplish a smooth action of the parts and free opening 
of the steam port for the return stroke. Observe also, that 
so long as the lead angle amounts to only a few degrees no 
impression can be produced on the continuity of the crank 
motion, for the lever arm wiU be too small for the power to 
exert any influence over the crank. 
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The limits of the lead angle are commonly zero aiid 8° 
f(yr stationary engines; while for any given angle the 
width of opening will depend upon the travel of the valve 
and the point of its cut-oflf. 

It remains to be shown that the Travel Scale is quite as 
applicable to valves having a certain lead as to those with- 
out any. Referring again to Pig. 6, imagine an increase 
in its angular advance of 5°, the valve will then close at 
115° instead of 120° and reopen its port 5° hefore the crank 
reaches the extremity of the stroke ; but if the lap be re- 
duced 5° when the angular advance is increased 6°, 
the cut off will still remain 120°, while the port com- 
mences to open 10° hefore the end of the stroke. Con- 
sequently if we wish to arrange a valve for a certain 
number of degrees lead, without altering the point of cut- 
off, it will simply be necessary \joflnd the angular advance 
for a valve without lead^ add \ the lead angle for a new 
angular advance^ and subtract the other \ for an angle by 
which to measure the lap. 

If in the Example of Fig. 8 a lead of 8 degrees had been 
required, with the same cut-off, the angular advance 
( would have become 26° +4° =29° 



r +4^=29" ) 
5°-4°=21° f 



I and the lap angle 25° 
and by applying the port opening marks a and b to the 90° 
and 21° lines, — ^instead of the 90° and 25° lines, — ^we 
would have obtained a travel of 3| inches and a lap of \\ 
inch ; while the distance between the angular advance line 
of 29° and the lap angle line of 21° would have equaled \ 
inch, the width of the lead opening at the extremity of the 
piston stroke. 

The change in the angular advance of course changes 
the exhaust closure from 155° to 151° or about 0.93 of the 
piston's stroke. 
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Supposing then a lead angle of 8° for the same problem 
the answers become : — 

Angular Advance =39°. 

Lap angle =21°. 

Travel =:3| inches. 

Lap =\l inch'. 

Lead =1 inch. 

Exhaust closes at 0.93 of the stroke. 



Similar suppositions made and applied to the other trial 
problems wiU give aU the practice requisite for successfully 
using the Travel Scale. 

It seems almost unnecessary to observe that the Scale 
eflfects with equal readiness and precision solutions 
directly the converse of that just accomplished. Thus, 
if the above, lap, lead and travel were given, to determine 
the exhaust closure and cut-off, we would mark the lap and 
lead on a strip of paper as in Fig. 12, apply the same to the 
3 1 inch travel line of the scale, which would show at once 
an angular advance of 29° and consequently exhaust 
closure of 0.93 the stroke ; also a lap angle of 21° with 
lead, or 25° without, the same as a cut-off of 130°=0.82 
the entire stroke. 

A moment's reflection wiQ also show that — during the 
progress of the crank — the varying width of the port open- 
ing from the simple lead out to the maximum width and 
back again to the period of cut-off, might readily be traced 
on the Scale, and all the information common to the popu- 
lar method of ellipse or other construction, be immediately 
obtained. But the facts thus gained, would prove of very 
trifling moment, so long as the valve had received a correct 
maximum port opening. 
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WIDTH OF BBIDGE. 47 

WIDTH OF BEIDGE. 

This dimension is usually made of equal thickness with 
the cylinder, in order to secure a perfect casting, but at 
times it becomes necessary to increase its width. The only 
danger from a narrow bridge is an overtravel of the valve, 
by which the exhaust passage would be placed in direct 
communication with the ^'live steam" in the chest, and 
followed by continual waste of the power. Obviously this 
cannot occur while the difference between the port opening 
and the steam port does not exceed the width of the bridge. 
(Pig. 11.) But to prevent evgn the possibility of a leak- 
age:— 

Add about \of an inch to the width of the opening and 
fT(ym their sum siMract the width of the steam port 

Thus the width of the steam port in the example of Fig. 
8, should have been at least :— 

ljH-J''-l"=Jinch. 

When however the width of the opening is less than that 
of the steam port, the danger of such an escape entirely 
vanishes. 



WIDTH OF EXHAUST POET. 

The main difficulty to be avoided in proportioning the 
width of this port is the possibility of a reduction in its 
area, when the valve attains extreme travel, to an opening 
materially less than that of the steam port from which it 
derives its supply. 

Suppose that the valve in Figure 11 has reached the end 
of its half travel, or the exhaust edge V moved a distance 
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INSIDE LAP. 



R from its neutral position V ; then by the above condi- 
tion, E will evidently equal (S+R— B). 
Which furnishes the following general 



BULB 



For determining width of Exhaust port. 
Add the width of the steam port to \ the travel and 
from their sum subtract the width of the bridge. 



When called upon to perform the addition or subtrac- 
tion of many fractional portions of an inch, it will generally 
be found more convenient to express these decimally than 
by those very awkward subdivisions sixty-fourths, thirty- 
seconds, etc. 







Fractions of an inch 


expressed decimally. 




s'? 


of inch=.oi56| 


| + 3«j of inch=.3438 


I + t'j of inch= .6875 


a's 


<( 


=•0313: 


i " 


=•375 


l+^li " 


= .7188 


t'5 


» 


=.0625 


1 + 3^ " 


=.4063 


1 " 


= -75 


■h 


« 


=.0938 


I + t'9 " 


=•4375 


l + 5'2. " 


= •7813 


i 


« 


= .125 


i + 3^ " 


=.4688 


J+t'b " 


= .8125 


h+in 


« 


=•1563 


i " 


=•5. 


1+1!^ " 


= •8438 


I + tV 


« 


=.1875 


H,\ " 


• =5313 


i " 


= ^875 


h+^\ 


K 


=.2188 


i+A « 


-•5625 


l + 2\ " 


= ^9063 


i 


U 


=.25 


i+^% " 


=•5938, 


I+t'b " 


= ^9375 


i+^k 


« 


=.2813 


i " 


=.625 


i + A « 


= .9688 


i+T'5 


K 


=•3125 


i+sV " 


=•6563 


I incA 


= 1. 000 



IIN-SIDE LAP. 



The eflfect on a valve motion of inside lap is to— 

Prolong the Eoopansion^ and 

Hasten the Compression. 

(A contrary eflfect for inside clearance.) 
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The former is occasionally added in the case of high- 
speed engines having very late cnt-offs. In such instances 
the compression is arranged to commence at about f of the 
stroke, or at an angle of 138 degrees, and the release at an. 
angle not exceeding 160^ For example, if the angular 
advance equals 32° (with a travel of 4| inches) the compres- 
sion would commence at a crank angle of 148° or 10° later 
than the above limit ; hence if we give the valve an inside 
lap of 10° or I of an inch found as in Pig. 12, the expan- 

FiG. 13. 



ANGULAR ADVANCE 



•^': 



■FO/tr OPENINQ. 



T. LAP,- 



INSIDE 
LAP. 



sion will continue from the point of cut-off to 148° -f- 10°= 
158 degrees, and the compression commence at 148°— 10°= 
138 degrees, instead of both events taking place at the 148° 
angle of the crank. 



We think the foregoing investigations fully sustain our 
remarking in conclusion that any questions, relating to the 
travel of the valve, the varying widths of the exhaust and 
steam-port openings for every possible position of the 
' crank, the moments of closure and release, and other points 
of interest, can not only be determined with perfect pre- 
cision by means of the Travel Scale, but their solution 
will prove well nigh instantaneous when compared with 
the indirect and tedious methods that have heretofore ob- 
tained in popular usage. 

4 
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GEI^EEAL EXAMPLE. 

What dimensions should be given to the cylinder and 
valve of an engine like Fig. 5 to secure an indicated horse 
power of 150 with 

Pressure of steam in boiler at 65 lbs. ; 

The crank to make 60 revolutions per minute, and the 
steam to be cut off at | the stroke ? 

The mean effective pressure (page 16) =65x0.82=53.3 
lbs. Piston speed (page 17)=say 250 ft. per minute. Area 
of piston, page 18, 

. 33,000x150 132x150 ^^ . , 
^- 260x53.3 "-^3-=^^ ^^- "^^^^«- 

Therefore diameter of piston=21| ins., say 22 inches. 

Stroke of piston (page 19)=:j-7rTr=2.5 ft. =2 ft. 6 inches. 

Port area (page22)=371 sq. inches x .047=17.4 sq. inches. 

If the length of the steam port =20 inches then its width 

17 4 
will=-2^=| inch. 

Width of port opening W (by page 23) may vary be- 
tween 0.6 and 0.9 the width of the entire port, but for the 
sake of greater precision in the cut-off and freer opening of 
the port at the commencement of the stroke, let us make its 
width equal about 1.6 width of steam port, or— 

W=1.5xJ"=lJ inches. ^ 

Area of steam pipe (page 22) =371 sq. inches x .032= 
11.9 square inches. 

Area of exhaust pipe=area of steam port=17.4 sq. ins. 

The respective diameters of these pipes will therefore be 
4 and 4| inchep. By the Travel Scale, the angular advance 
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for the given cut-off of 110° equals (without lead) SS"* And 
with a lead angle of say 6°, 

Angular advance will=35° + 3°=38 degrees, 
And lap angle will=35°— 3°=32 degrees. 

Now apply the width of port opening IJ inches to the 
90° and 32° lines of the Travel Scale, as page 38, and we 
find that the Travel must=5| inches. 

After marking the Base line and angular advance we 
have — 

Lap=li''j inches ; lead= J inch. 

The bridge, page 47, should not be less than J"-f 1^"— J" 
= 1 inch. K, however, the cylinder has a thickness of 1 
inch the bridge must be made of the same width, . 

Width of exhaust port, page 48, 

E=J+2|-l"=2f inches. 

Also we have the width of each valve face F and N=width 
of steam port + lap 

Equals, |"+l|3;j"=2^ff inches, 

And the total length of the valve or 

L=exhaust port + 2 bridges + 2 &ces=2f +2+4|=9J 
inches. 

The angular advance being 38° the exhaust will close 
and release commence at the 142° angle of the crank (see 
Travel Scale) or at 0.895 of the stroke=30"x0.895=26| 
inches and the cut-off take place at |x30"=20 inches; 
which embraces all the required dimensions. 
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PART II. 

GENEEAL PEOPOETIOI^S 



MODIFIED BT 



CRANK AND PISTON CONNECTION 

V, /•. '.>^ ,.-1 N,' 
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CEAI^K AKD PISTON COKN^ECTIOK 



Thus far we have confined onr attention to a form of 
connection called the " slotted cross-head," and have been 
able therewith to deduce laws governing the proportions of 
the various parts of the valve, as well as to devise a most 
simple and rapid method for determining their magnitudes. 
But since this connection seldom obtains in practice, it 
becomes necessary for us to analyze the form shown in Fig. 
13, to modify their general proportions to accord with the 
new conditions and to eliminate as far as possible all the 
irregularities they tend to create. 

It will be observed, by inspecting this Figure, that the 
cross head pin is drawn a distance BB" beyond its half 
stroke position. B", when the crank- attains an angle of 90°, 
that this irregularity is due to the want of parallelism of 
the connecting rod, with its original position — during the 
progress of the crank pin in its semi-revolution — and that 
a rod of virtually infinite length produces a motion of the 
piston identical with that of the cross-head. It follows 
that the irregularity BB" wiU vary with the diflterent ratios 
that may exist between the length of the crank arm and the 
connecting rod. In subsequent comparisons of these two 
terms, the length of the craiik arm wiU always be regarded 
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CRANK AND PISTON CONNECTION. 



as the Unit measure and that of the connecting rod as a 
certain number of times the length of the crank arm. 

Let the crank arm C A be equal to unity and the con- 
necting rod A B=4, then their ratio is that of 1 to 4, (1 : 4. ) 
When the arm occupies the 90° position the cross-head pin 
will be drawn a distance B B" beyond the half stroke point 



Fig. 18. 




B". With B as a centre and A B as radius, describe the 
arc A A". If the occasion required, it might be readily 
proved that A", the point of its intersection with the line 
D E, is the same distance from C that B is from B". Placing 
the crank in other positions — as at 30°, 60°, 120° and so on 
— ^and describing similar arcs there wiU result like irregu- 
larities but of a less degree, all of which however vanish 
at the extremities of the stroke D and E. It becomes evident 
therefore that the eflfect of this form of connection is ; to 
carry the piston ahead of its proper positions throughout 
the forward stroke and on the return stroke to make it lag 
behind thepositicms due to the locations of the crank pin. 

Consequentiy the one crank angle^ for a given piston 
position (as in Table A), will no longer serve both the 
forward and return strokes^ but a new table must be 
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constructed which shall famish at sight the proper angles 
of the crank for various piston positions in both the For- 
ward and the Return strokes, and these for evgry important 
ratio of crank to connecting rod between 1 : 4 and 1 : 8 with 
which intermediate values may readily be determined by 
interpolation. Such is presented in the following Stboke 
Table.* 

The fractional portions of a degree have been given as 
small as can conveniently be laid off with a protractor. 

By transposing the terms Forward and Return the 
angles in the Table wiU apply to the case of a ^^ Back 
Action " Engine. For the irregularities of the motion are 
necessarily reversed in such instances, because the cross 
head and cylinder lie on opposite sides of the main shaft 
instead of on the same side. 



EIBST EXAMPLE, 

The connecting rod of a certain engine=8' S"=99". 

The crank arm =18 inches. 

Cut-off takes place at 0.65 of the stroke. 

Requiredr-^\L(^ forward and return stroke crank angles. 



Divide length of connecting rod by that of the crank 
arm : thus 

Their ratio therefore wiU be that of 1 : SJ.f 

* The trigonometric formuls pertaining to this Table are fomislied in the 
Appendix and angles, for any special case may be fonnd by their aid. 
f A Ratio commonly adopted by the bnllders of stationary engines. 
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OBANK AND PISTON CONNECTION. 



STROKE TABLE. 











CRANK ANGLES. 










(for ordinary connecting rod.) 




Piston Position. 
















(Stroke =:unity.) 


RATIO 1 : 


4. 


RATIO 1:4*. 1 


XATio 1:6. 1 


Forward 




Diffi 


Forward 


Ketum. 


DX. 


Forward 


Return. 


Diff 




de^. 


<fef. 


^^. 


Ai-. 


Af. 


deg. 


d.g. 


deg. 


deg. 


0.125=1 


371 


461 


9l 


37i 


46i 


8| 


37? 


45i 


7| 


0.2 


48 


592 


11^ 


48^ 


58I 


10 J 


48I 

55l 


- 58I 


9i 


0.25 =J 


54g 


66| 


I2| 


54| 


66 


65i 


10 


03 


60g 


73I 


13 


61 


72I 
761 


Ilf 


61^ 


72 


IO-] 


0.333 =i 


64j 
68| 


77 


I3I 


64I 


"5 


651 


76^ 


io| 


o-375=l 


82 » 


135 


692 


82 


7oi 


81I 


"b 


0.4 


7i| 


85b 


I3I 


72I 


84i 


123 


H. 


84^ 


11^ 


0.4S 


77l 
822 


913 


Mff 


78g 


90I 


12 J 


781 


90 


III 


^.5 =i 

0.55 


971 


Mi 

I4g 


83I 


96I 


I2-! 


84I 


951 


"1 

III 


88^ 


I02| 


89I 


IOl| 


1*3 


90 


IOl| 


0.6 


94| 


io8. 


I3I 


958 


io7g 


12^ 


95l 
981 


107 


"i 


0.625=1 


97i 


Illg 


i3i 
i3g 


98 


1 1 ©2 


12^ 


109I 


III 

io| 


0.65 


looj 


"3i 


lOI^ 


"3i 


"5 


IOl| 


II2| 


0.666=1 


102I 


"5l 


I3I 


i03i 


"5? 


"5 


103I 


ii4i 


\o\ 


0.68 


104 


"7g 


I3I 


104I 


1164 


12 


1052 


II61 


lof 


0.7 


io6| 
io7s 


ii9| 

I20| 


13 


107I 
io8| 


119 


Il| 
Il| 


108 


Ii8-i 


10^ 


0.71 


I2| 


I20| 
I22| 


109I 


"9l 


io| 


0.73 


1103T 


1234 


I2| 


mi 


Il| 


112 


122^ 


lOg 


0.75 =1 
0.76 


"34 


I25g 
I26J 


I2| 


114 


«5l 


Ilg 


"4i 

Ii6| 


I24§ 


10 
9| 


1143 


"^ 


"II 


I26| 


II 


i25i 


0.77 


ii6g 


.I28g 


12 


ii6| 


"71 


io| 

IO3 


1174 


i27i 


9l 


0.78 


ii7i 


I29i 


Il| 


ii8| 


128I 


119 


1285 


92 


0.79 


"99 


I30I 


Il| 


"9i 


1304 


io| 


120^ 


I29I 


94 


0.8 


120^ 


132 


Iljf 


1215 


131, 


10, 


12l| 


I3I9 


9i 


0.81 


I22g 


i33i 


"ff 


I22| 


132; 
134 


10 


123^ 


132^ 

133? 


9 


0.82 


I23g 


i34i 


II 


124^ 


9t 


125 


8| 


0.83 


I25I 


136 


lof 


126 


i35§ 


9l 


I26I 


1355 


8| 


0.84 


127 


1372 


lOj 


i27i 


137 


9l 


128^ 


I36I 


82 


0.85 
0.86 


I28I 
I3O2 


138! 


10^ 


I29I 
131? 


138^ 


95 

8| 


131! 


138, 


84- 
8d 


140I 


9l 


140 


I39I 


0.87 


I32g 


142 


9s 


133 


141I 


8| 

8i 


133^ 


141? 


7| 


0.875=5 


1334 


1421; 


9l 


I33I 


142I 


134I 


I42g 

142? 


7l 


0.88 


1344 


143;: 


9l 


I34I 


143? 


8i 


135? 


7l 


0.89 


i36r 


i45r 


9 


I36I 


144I 


8 


137I 


1443 


7i 


0.9 


I33|; 


146; 


8| 


138! 


146I 


7| 


i39i 


146^ 


7 


0.91 


140; 


148. 


8 


141 


1484 
iSOg 


7? 
6| 


141! 


148 


6| 


0.92 


142 


i5oi 


7| 


143? 


H3s 


I49g 


64 


0-95 


ISO 


156I 


65 


I5I9 


156^ 


5l 


151^ 


156I 


4I 
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X^ AW 




STROKE TABLE 


i.^ a.1 u ^ 


' C: 




••\N 
















' J%^ 


















r 










CRANK ANGLES. 






' y 








(for ordinary connkcting rod.) • > . ' 


*.. 


/ 


Piston Position. 
(Stroke=unity.) 


RATIO 1 : 5^. 1 


RATIO 1 : 


9. 


RATIO 1 : 6J. 




Forward 


Return. 


Difi: 


Forward 


Return. 


Diff 


Forward 


Return. 


Diff 






**•• 


*r. 


de^. 


A^. 


der 


d,r. 


der. 


de^. 


Af. 




O.I2S=J 


384 


45? 


7 


3S, 


44| 


65 


38I 


442 


51 




0.2 


49? 


572 


8i 


492 


57? 


7? 


49I 


56I 


7 




0.25 =1 


55l 
6ii 


64I 


9 ■ 


564 


64b 


^ 


56I 
62I 


64 


7l 




03 


712 


9i 


62| 


71 


8| 


7oi 


8 




0333=5 


65b 


75g 


9l 


66j 


75? 


9 


661 


74| 
79I 


8| 




0.375=1 


70s 


8o| 


lOs 


^^I 


80, 

83? 
88| 


9g 


7ii 


8i 




0.4 


732 


m 


lOg 


73I 


9s 


74i 


«2| 

88| 


8^ 




0.45 


794 
HI 


89^ 


loj 


79i 


9? 


80 


81 




0^ =i 
0.5s 


951 


10^ 


35I 


94i 
ioo| 


9? 


85i 
9X| 


94| 


8| 
.81 




90J 


I oof 


lOj 


9i| 


9i 


100 




0.6 


96I 


1062 


I05 


96: 


io6| 


9b 


974 


105I 


8. 




0.625=1 


99i 


I09I 


lOff 


99i 


io8| 


9s 


lOOg 


io8| 


8. 




0.65 


102 1 


II25 


9| 


I02| 


iiif 


9 


I038 


iii^ 


8i 




0.666=1 


104I 


II48 


9| 
9i 


IO4I 


"3f 


9 


1053 


113I 


8r 




0.68 


106J 


II5I 


106^ 


"51 


8| 


io6i 


115 


8s 




0.7 


io8i 


ii8g 


9i 


109 


"7i 


8| 


109I 


117I 


8 




0.71 


109I 


"9i 


9l 


iio| 


ii8| 


8i 


iio| 


ii8i 


71 




0.73 


112^ 


I2l| 


9? 


113 


I2l| 


8| 


II3I 


I2I4 


7| 




0.75 =1 

0.76 


"5i 


1244 


9 


ii5i 


I23I 


8| 
8^ 


116 


I23f 


1,1 

72 




ii6i 


1252 


8| 


117 


"58 


II7I 


I24g 




0.77 . 


118 


I26I 


8| 


118^ 


126^ 


8 


ii8g 


I26;{ 


71 




0.78 


"92 


I28g 


85 


120 


I27I 


7, 


I20| 


127^ 


71 




0.79 


121 


I29I 


8ff 


I2l| 

I22| 
I24I 


129 




I2l| 


I28I 






0.8 


. 122^ 


I30I 


8^ 


130^ 


7s 


I23i 


1303 






0.81 


124 


132 


8 


13 if 


7l 


I24i 


I3I2 


f>s 




0.82 


"52 


133^ 


8 


126 


133^ 


7g 


1265 


i32i 


6| 




0.83 


127^ 


I34I 


7i 


"7i 


i34i 




127^ 


I34I 


61 




0.84 


I28I 


I36I 


7i 


129I 


136 


6| 


129^ 


I35I 


6^ 




0.85 
0.86 


I30I 

i33i 


I37I 


7l. 


130I 
1322 


137^ 


6^ 


I3I4 
I32I 


I37I 


6| 
6i 




I39I 


71 


139 


6^ 


138? 




0.87 


141 


7^ 


i34i 


i4og 


6| 


134^ 


I405 


6 




0.875=1 


134I 


I4II 


7 


i35i 


i4ii 


6-i 


1352 


I4I4 


51 




0.88 


135I 


142! 


■6? 


136^ 


1421 


6g 


136^ 


1424 


51 




0.89 


i37i 


144? 

I45I 


6| 


138 


144 


6 


1384- 


1434 


5^ 




09 


139I 


6g 


140I 


i45i 


5h 


I40I 


145. 


5^ 




0.91 


141I 


I47I 

M9i 


6 


I42g 


147^ 


51 


I42I 


I47I 


5 




0.92 


i44i 


5i 


144I 


149I 


5 


144? 


H94 


4^ 




0.95 


1514 


156I 


4| 


152 


156 


4 


1524- 


I55I 


3i 
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OBAKK AND PISTON CONNECTION. 



STBOKE TABLE. 



' 








CRANK ANGLES. 












(for ordinary connecting rod.) 




Piston Position. 
(Strokes: unity.) 


RATIO 1 : 


7. 


RATIO 1 : 


7*. 


RATIO 1:8. 


Forward 


Return, 


Di£ 


Forward 


Return. 


Di£ 


Forward 


Return. 


Die 




d,e. 


*f. 


iUg. 


^^. 


d4g. 


A^. 


a^^. 


Oeg. 


<&*•• 


0.125 = 1 


39 


44| 


u 


39i 


44 


'^ 


39| 
502 


43S 


4g 


0.2 


SO 


63«* 


^\ 


50| 


561 


6| 


56^ 


5^ 


0.25 =i 


56§ 


7 


56| 
63I 


63I 


6| 
6S 


57^ 


63I 


6r 


03 


62; 


7O4 


72 


70 


63I 


69I 


6r 


o-333=i 


66| 


74i 


7l 
7| 


678 

7i| 


74j 


tI 

'? 


67I 


74 


6s 


0.375=1 


7ig 


793 
82, 


79r 


'? 


72^ 


79^ 




0.4 


74i 


8 


74| 


822 


T 1 
12 


75 


82 




0-45 


8o^ 


88| 


«i 


8oj 


88 


lh 


8o| 


871 
93 s 




0^ =^ 

0.55 


94i 


H 


86| 


93l 

992 
105 J 


n 


86, 


1i 


9i§ 


99' 


8| 


92 


'7I 


92? 


99i 


0.6 


97d 


105, 


8 


97| 
ioo| 

103I 


7-^ 


98 


los 




0.625=1 


100^ 


io8g 


75 


108^ 

iio2 


7^ 


ioo| 


107 1 




0.65 


103^ 


nil 
"38 

II4I 




7I 


104 


iiof 


6? 


0.666=1 


losi 


71 


105I 
1073 


II2g 


74 


io(3 


II2| 


6| 


0.68 


io7i 


72 


1 142 




107I 


"4^ 


6i 


0.7 


109I 


"7: 


7^ 


no 


ii6^ 


6| 


iio| 


ii6g 


6| 


0.71 


III 


iiSj 


75 


Illj 


u8i 


6| 


ni^ 


"7r 


H 


0.73 


"3i 


I20| 


7$ 


"3r 


I20| 


6| 


"4g 


I20| 

I22I 


f>\ 


0.75 =1 
0.76 


ii6| 


I23I 
I24I 




ii6| 

II76 


1234* 


6| 


n6| 
118^ 


6| 
6 


"7i 




I24I 


6^ 


"4b 


0.77 


"9fi 


126 


65 


ii9rt 


I25I 


6g 


ii9s 


"5i 


Si 

5b 


0.78 


130^ 


127} 
128^ 


6| 


120J 


127 


61 
63 


121 


126? 


0.79 


122 


62 


I22| 
1238 


I28I 


122^ 


128I 


Si 


0.8 


"3i 


130 


63 


I29I 


65 


I23I 


"91 


52 


0.81 


"5 


I3I4 


<^4 


I25h 


I3IR 


6 


I25I 


Sj 


0.82 


126^ 


1324 


64 


I26I 

I28I 


I32A 


5l 


127 


132? 


5? 


0.83 


128^ 


n^ 


6g 


133? 


55 


I28i 


133I 


54 


0.84 


"9i 


135^ 


6 


130 


i35i 


S-,s 


i3oi 


135? 


5b 


0.85 
0.86 


131! 
i33i 


I37i 
138! 


5^ 


i3ii 


137 


5l 


133-5 


136I 


5 

4h 


5l 


133? 


i38i 


Si 
5b 
4? 


138I 


0.87 


134J 


140^ 


5^ 


135 


140^ 


135; 


140 


4l 


0.875=1 


i35f 


141S 


51 


136^ 


i4o;( 


1365 


i4o| 
141B 


A% 


0,88 


i36g 


142 


5l 


i36g 


141I 


4b 


137 


4$ 


0.89 


i38i 


i43§ 


5l 
4l 


i3«l 


1432 


4| 


138! 


143I 


4^ 


0.9 


I4O2 


i45«' 


140I 


145I 


43 


140I 


145 


4i 


0.91 


142 i 


I47i 


4| 


142I 


i47i 


4| 


143 


147 


4 


0.92 


I44i 


i49s 


4? 
3? 


145, 


149 


4 


1458 


149 


33 


0.95 


152I 


iSSi 


1523^ 


155I 


3l 


152S 


^SSk 


2i 
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ECCENTBIO AITD VALVE C OIT l^E C T ION. 61 

Referring to this Ilatio (x)lTimn in the Stroke Table we 
obtain : — 

Crank angle of the forward stroke for the 0.65 position 
=112f. 

Crank angle of the return stroke for the 0.65 position 
=122J°. 

Diflference between the return and forward =9^°. 



SECOND EXAMPLE. 

stroke of piston =45 inches. 

Ratio of crank to rod=l : 6 J. 

Forward stroke crank angle=131J°. 

Return stroke crank angle=134|^. 

What locations will the piston occupy for these angles ? 

Prom the Stroke Table we learn that :— 131 J^ forward= 
^piston location of 0.85 the stroke and 134|° retum=piston 
location of 0.83 the stroke — consequently : 

45" X 0. 85 = 381 ii^ches from commencement of forward stroke. 
45"x0.83=37| '' " " return " 



EOCEIsTTEIO AI^D YALYE OOIsriSrEOTIOR 

The principle of this coimection has already been illus- 
trated by Fig. 4, its standard motion in Fig. 5, but as the 
latter rarely occurs in practice it becomes necessary to 
study the former with reference to its influence on the 
events of the valve motion. It has been observed that the 
combination is nothing more nor less, than that of a small 
cr^nlsi with a long connecting rod, the valve will therefore 
move in precisely the same manner as the piston, and will 
have in its progress from one extremity of the travel to the 
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62 LENGTH OF EOOENTBIC BOD, 

opposite, like irregularities, diflfering only in degree. In 
other words, when the eccentric arrives at the positions for 
cnt-off and lead, the valve will be drawn heyond its true 
position— measured towards the eccentric — \yj a distance 
dependent on the ratio between the throw of the eccentric 
and the length of its rod. Since this difficulty is corrected 
by lengthening the rod, it follows that the width of the 
port opening in one stroke, will slightly exceed that in the 
other. This is practically the only effect produced by the 
use of the true eccentric connection ; although strictly speak- 
ing there is besides a slight difference in the equality of the 
exhaust closure, yet in no case does this become sufficient 
to affect the general action. 

Neither is the difference in the opening appreciable in 
stationary engines, for their ratio of eccentric throw to 
length of rod is usually that of 1 : 20 or 30, which gives a 
variation too small to influence the general admission of the 
steam. (See Example 4 of Appendix.) 



LEI^J-QTH OF EOCEI^TEIO EOD. 

To find this dimension geometrically, after the propor- 
tions of the valve have been determined with the Travel 
Scale, proceed as follows : — 

1st. Map the centre lines of the cylinder, valve, rocker, 
and main shaft. 

2d. Place the crank at the zero and the valve in such a 
position that its edge F (Pig. 11) wiU give the proper open- 
ing for ih^Q forward stroke lead. 

3d. Pind the position of the centre of the eccentric by 
laying off the angular advance from the 90° line. Finally 
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OOBBEOT OBANK ANGLE. 63 

measure the distance from this centre to the rocker pin— or 
that of the valve stem as the case may Ibe— for the correct 
length of the eccentric rod. 



OOEEEOT OEAS^K AI^GLE. 

In finding the travel, lap, etc., of a valve appropriate to 
a given cut-oflF, by means of the Travel Scale and Stroke 
Table, the Return Stroke crank angle should he inva- 
riahly employed. This will result in a correct cut-off for 
the return stroke although a later one than desired in the 
forward stroke. A method of correction for this inequality 
will presently be explained. 



EQUALIZATION OF LEAD OPEI^rN"G. 

Since the lead opening is measured at the moments 
when the crank pin passes the central line, there can exist 
no irregularity between the piston positions, and if the length 
of the eccentric rod be determined as above the width of 
the lead opening in the return stroke will equal that of the 
forward stroke. 



EQUALIZATION^ OF EXHAUST CLOSUEE. 

The nearer we approach the half stroke positions of the 
piston the greater becomes the inequality between the crank 
angles, and as the uniformity of the exhaust closure and 
cut-off depends directly upon these values, it is evident 
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64 EQUALIZATION OF EXHAUST CLOSUBE. 

that they also will prove unequal for the forward and re- 
turn strokes. 

The equalization of the exhaust closure is always possi- 
ble, because for a direct-action engine a small amount of 
inside lap added to the face N (Fig. 11) of the valve and 
clearance taken from the face F, tends to hasten the mo- 
ment of closure in one stroke and delay it in the other, 
without producing the slightest effect on either the periods 
of cut-off or the extent of the lead, both of which are con- 
trolled solely by the outer edges of the valve face ; vice versa 
for a back-action engine. Hence, any valve that is found 
on examination to give unequal exhaust closure, clearly 
proves a great lack of appreciation on the part of its de- 
signer, of those simple means which lie at his disposal for 
the accomplishment of a perfectly correct exhaust and 
release. 

To illustrate this mode of equalization. 

Suppose that in the General Example of Part I, the 
crank and rod ratio was 1 : 4. 

Its mean exhaust-closure angle being 142, or a piston 
position of about 0.89 of the stroke, we have by the Stroke 
Table a difference angle of about 9 degrees. 

If then one-half of this difference angle, or 4^ degrees, 
be laid off from the Base line on the 6|" travel line of the 
Scale (as in Fig. 12) we will obtain a correction of \ inch, 
which added to the face N gives — 

N=2^/+i"=2^% inches, and subtracted, 
F:=2^S5"-J=2 J inches. 

The true dimensions of the faces F and N, for imparting 
equalized exhaust closure with the given ratio of 1 : 4. 
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EQUALIZATION OP THE CUT-OFJ'. 65 



EQUALIZATIOJS' OF THE CUT-OFF. 

Where an attempt is made to equalize the cut-off, that 
of the exhaust closure should be disregarded, for the only 
process that it i^ possible to adopt in such a case would 
practically achieve both results. 

Since the four periods, at which lead opening commences 
and cut-off occurs, are regulated by only two edges of one 
valve actuated by a single eccentric, it must be evident that 
where inequalities exist between any two of the four angu- 
lar positions of the eccentric, their mutual dependeace will 
be such that the periods for these can only be equalized at 
the expense of the other two. 

Hence the equalization of the cut-off depends entirely on 
the expediency of giving a greater amount of lead to the 
one stroke of the piston than to the other stroke. With 
high-speed engines, such a change cannot be considered as 
desirable, but with those of low speed it may be made with 
very beneficial results. For with high speed the effect of 
lost motion can be most successftilly overcome by a valve 
having equal lead in both strokes, but if the workmanship 
be perfect and the boxes carefully set up, the adjustment 
becomes applicable to all speeds. 

To equalize the cut-off only two alterations are required 
in the valve motion, viz : 

1st. An increase of the angular advance. 
2d. A lengthening of the eccentric rod. 

To illustrate the process, suppose we were required to 
equalize the cut-off and exhaust closure of an engine, differ- 
ing only in respect to the connections, from that described 
in the General Example of Part I. 
6 
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66 BQUALIZA.TION OF THE CUT-OFF. 

Let the "ratio of crank to connecting rod=l : 5| and the 
forward stroke lead angle*=4°. 

From the Stroke Table we find that the returnstroTce 
angle for the- above crank and rod ratio with f cut-off= 
114°, or an angular advance for a valve without lead of 33°. 
With a lead angle of 4° the trial angular advance becomes 
=35° and the lap angle=31°. As the port opening equals 
1\ inches, we readily find from the Travel Scale the follow- 
ing terms : 

Travel=5J". Lap=l3^Q", and forward lead=i^6 inch, 
nearly. 

The difference between the forward and return-stroke 
crank angles for the above ratio and cut-off=9|°. One- 
half of this difference or 4|° forms the correction appropri- 
ate to the angular advance. Adding this quantity to the 
trial angular advance, we obtain 40° for the true angular 
advance of the eccentric. We thereby secure all the terms 
necessary for determining the length of the eccentric rod as 
already explained. 

With an angular advance of 40° and no irregularity in 
the piston motion, the exhaust would close in both strokes 
at a crank angle of 140°, or a piston position (Table A) of 
0.883 the entire stroke =26 J inches. The lengthening of the 
eccentric rod, however, corrects the irregularity produced 
by the connecting rod and preserves this same point of ex- 
haust closure to the motion. 

By measuring the distance between the true and trial 
angillar advances— 40° and 35° — we obtain a distance y\ 
inch, by which it is necessary to increase the minimum 
width of the bridge B, making its new value=f-f- i^6=|f 
inch. . 



* Since from the nature of the case, the return-stroke lead angle must greatly 
exceed that of the forward stroke, the latter quantity should be taken at only 
3', 4° or 6° to prevent the former becoming excessive. 
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EXPERIMENTAL TEST. 67 

The lead angle of the return stroke wUl equal that of the 
forward stroke added to the difference between the cut-off 
angles of the crank, or 4°-f 9|°=13| degrees. 

The lead opening of the return stroke, will equal twice 
the measured distance between the angular advances added 
to the forward lead, or -^q'' x2-\-^6'^=-iq inch. 

It should be observed that lengthening the eccentric rod 
increases the width of the return stroke port opening at the 
expense of that of the forward stroke, but so long as the 
width of the latter exceeds the minimum limit (page 23) for 
perfect admission, such inequality is actually a matter of 
not the slightest consequence. 

To guard against the danger of a contracted opening, it 
will be advisable when finding the travel for a corrected 
motion to estimate the width of the port opening at least 1 
or 11 times the width of the steam port. 



EXPEEIMEIsTTAL TEST. 

The greatest nicety and refinement of adjustment may 
be employed to produce an equal admission and exhaust 
of the steam throughout both strokes, and yet the attempt 
to equalize the power fail from lack of a judicious arrange- 
ment of the steam pipes and passages, on account of which 
the steam will enter one end of the cylinder with a lower 
average pressure than the other. This inequality occurs 
more frequently with vertical cylinders than horizontal 
ones, its extent can only be detected by the Engineer's 
most valuable friend, the Indicator, whose card ever fur- 
nishes clear and indubitable proof of the character, time 
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68 EXPEBIHENTAL TEST. 

and correlation of the various events taking place within 
the cylinder.* 

To illustrate the character of this inequality, a few 
cards are here inserted which were taken from a shop en- 
gine, having a vertical nnjacketed cylinder. The engine hais 
been in service for several years. Its steam pipe, supported 
by the roof girders, descends to the centre of the cylinder's 
length where it enters passages for conducting the steam 
to the upper and lower ports. From the nature of the case 
the x)assage to the lower port is more direct than that to ike 
upper, hence the steam encounters less opposition and en- 
ters with a higher average pressure than through the other. 
The dimensions of the engine are the following : 

Diameter of cylinder =10=[V ; Stroke=20|'^ 

Connecting rod=61J" ; Ratio 1:6. 

Eccentric rod=62J". 

Travel of valve=3|" ; Lead= J inch. 

Steam ports=FxlOi" 

Outside lap=f" ; Inside=|". 

Average boiler pressure=66 lbs. ; Velocitj=100 Rev. 



For the purpose of securing a well-defined card the 
boiler pressure was reduced to 42 lbs. per square inch, and 
the revolutions of the fly wheel — ^by means of a brake— to 
40 per minute. 

The result is given in Fig. 14, where the full line repre- 
sents the card of the forward stroke, the dotted that of the 
back. In making comparisons of this kind it should al- 

* For a complete analysie of this instniinent, its practical operation, etc., the 
reader is referred to Mr. Charles T. Porter's Treatise on the Richard's Stbak 
Indicator, enlarged by F. W. Bacon, M. E., and published by D. Van Noe- 
trand. New York. 
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ways "be "borne in mind, that the steam line of the one card 
must be combined with the exhaust of the other before the 



Fig. 14 




>IW LWF._ 




Scale, 

-S5 



trae relation is expressed between pressure and resistance. 
The difference in the steam pressure for the two strokes 
amounted to about 2 lbs. The cut-off took place at — 

17^y inches in the forward stroke 
15| " " return stpoka 

Difference= 1^^ inches. 



The compression commenced at 18 J" forward. 
" " " 17J return. 

Difference= 1 inch. 

This case is that of a valve motion in which no attempt 
has been made to equalize either the points of cut-off or 
exhaust closure. Had the exhaust closure been equalized 
tiia lines a &, cd, would have coincided. 

Subsequently, the equalization of the cut-off and ex- 
haust closure was accomplished with the same valve, by 
increasing its angular advance 5° and extending its ecc^i- 
trie rod. 

"Hie effect of these changes is shown in Fig. 15 ;* both 

• The angles are oonstmcted on the supposition that the piston is connected 
with the crank by means of a slotted cross-head and rod. The true angles of 
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EXPERIMENTAL TESTS. 
Pig. 15. 




cnt-offs took place at 15| inches, compressions at 17| 
(return stroke locations), the lead angle of the forward 
stroke became 4f ° and that of the return 14|, corresponding 
with an J inch lead forward and an \ inch back. 

the crank, however, for any ratio of crank to connecting rod, may readily be 
determined from these by first finding the piston positions due to these angles 
in Table A and then searching the Stroke Table for the forward and back 
stroke angles, appropriate to such position& 
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It should be observed that this great inequality in the 
lead, so long as the port opening was ample, produced but 
trifling eflfect on the area enclosed by the card. 

The two cards of Fig. 15 have been combined to form 
Pig. 16, showing an equality of the cut-off, exhaust closure 

Fig. 16. 




rORWARD 



Am UNE K. 



and release, but the same excess of pressure as before on 
the return stroke. Had the cylinder lain in a horizontal 
position, the latter inequality would have entirely disap- 
peared, and equalized power been applied to both strokes of 
the piston. 



HOW TO SET A SLIDE YALYE 

HAVING EQUALIZED EXHAUST. 

1st. Place the crank at the 180° location, mark on the 
cross-head and one of its guides opposing " centre punch " 
points. 

2d. Bring the crank to the zero and mark a second point 
on the guide. The two points thus found, measure the 
length of the stroke. Move the eccentric until the valve 
has the required lead for the forward stroke. 

3d. Advance the crank in the direction of the motion 
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imta the exhaust of tiie opposite stroke closes ; scribe a 
line across the guide which shall pass through the point on 
the cross-head, 

4th. Move the crank until the other exhaust closes and 
scribe a second line on the guide. 

6th. K now the exhaust should close at equal distances 
from the commencement of each stroke the motion would 
be in adjustment ; if not, alter the length of the eccentric 
rod until the closure becomes equalized, then return the 
crank to the zero position, and alter the angular advance of 
the eccentric until the required lead of the forward stroke 
is secured. 



The position of the valve at the moment of closure may 
readily be fixed by means of a " valve gauge" fitting centre 
punch points on the valve stem and its stuffing box. 

The above process wiU serve also to equalize the cut-off 
if the valve be proportioned for this object 
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ADJUSTABLE ECCENTRICS. 



The intensity of the resistances, opposed to the action of 
steam upon the piston of an engine, fluctuates in a very 
marked manner, and were it possible to meet variations 
instantaneously by an increase or diminution of the power 
applied, the result would be an impulsive action of the 
working parts instead of a smooth continuous motion. 

It is obvious then that the power of an engtae must 
be exerted at different periods of time in overcoming a more 
and more determined resistance or even one acting in an 
opposite direction. 

Slight variations in the resistances are controlled or 
absorbed by the momentum of the working parts, as by the 
fly wheel of a stationary engine, the drivers and coupled 
wheels of a locomotive, and the screw or paddle wheel of a 
steamer. 

But variations in degree must be met by an increase or 
diminution of the power applied. This may be accom- 
plished in two ways, either by controlling the pressure of 
the steam 'before it enters the cylinder or by limiting it after 
an entrance has been effected, that is by cutting off at an 
earlier or later point of the piston' s stroke. The first method 
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deals with the throttle valve, the second relates to the clos- 
ing of the steam port by its valve* while for marine pur- 
poses both of these agencies are usually employed. 

The throttle may be operated either by hand or by an 
automatic device called a ''governor," the principle of which 
has been so clearly elucidated in almost every work on the 
Steam Engine that it would appear superfluous to repeat it 
in this connection. The governor is also at times used as a 
regulator of the cut-oflF, a work it most beautifully and 
delicately executes in such stationary engines as the " Cor- 
liss," " Allan," and others. In these the steam and exhaust 
ports are perfectly distinct, so that a change in the cut-oflf 
does not aflTect the action of the exhaust, which remains from 
the beginning to the end of the stroke free of the back 
pressure peculiar to a single eccentric motion. 

The principal regulator of the cut-off in modem practice, 
however, is the "link," or combined double eccentric mo- 
tion, which retains, while presenting itself in various kindred 
forms, the individuality of the double eccentric. On 
this account the study of the action of an ajd^vMable single 
eccentric forms the best introduction to a complete under- 
standing of the link motion. 

Hitherto we have considered the eccentric as a fixed 
body keyed to the main shaft, with its centre line or throw 
inclined at a certain angle to the crank arm. Thus in Fig. 
17 the eccentric has an angular advance of 33^° or a position 
C F, suitable for a positive or forward motion of the crank 
If a rocker intervenes between the eccentric and the valve. 
It wiU be remembered (Pig. 9) that the same eccentric, when 
located with an opposite angular advance C B, holds a 
position appropriate to a negative or back motion of the 
crank. Hence if it be required to change the direction of 
the engine's motion, it is only necessary to unkey the 
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eccentric, slip it around the shaft and secure its throw in a 
position C B, opposite to that of C F. 

But if in addition to a change of direction a variation in 
the cut-off for the forward and back motions of the crank 
were demanded, suhject to the single condition that the lead 
opening and lap shall remain unaltered, then it would he 
very clear that the eccentric must be slotted in such a 
manner that its centre can pass in a direct line from F to B 
(Fig. 17) instead of following the arc P m B. By this 

Fig, 17. 




means the throw of the eccentric and consequently the 
travel of the valve would be reduced between F, the full 
gear forward of the eccentric, and B the full gear back, while 
the minumum value would lie at the point M midway 
between these extremes, or at the mid gear of the eccentric. 
"When the eccentric is placed at Z^, the \ travel of the valve 
equals c/^ ; at f^z^cf^ and at the mid gear=C M. It 
need scarcely bs told one already familiar with the use of 
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the Travel Scale, that by thus reducing the travel of the 
valve — ^while the lap and lead opening are preserved con- 
stant—we obtain a reduced port opening, an increased 
angular advance, and consequently an earlier cut-off. Be- 
fore proceeding, however, to analyze the effects of these 
changes one other case should he considered, namely that in 
which the lead opening admits of slight variation. The most 
common form in which this occurs is for the lead opening to 
increase from the full gears towards the mid gear as in 
Fig. 18, where the centre of the eccentric travels in an arc. 

Fig. 18. 




The reverse, or case of diminution^ is so similar In prin- 
ciple, that the examination of one will serve to indicate the 
nature of the other. 

Suppose, FOR EXAMPLE, that C F, the full gear throw of 

the eccentric =2^ inches. 

Then the greatest travel of valve =5 " 

Let the lap =1 " 

And lead opening = f " 
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These dimensions are chosen on account of itO peei 
fitness in their relation to one another, but merely tal 
trate the effect of reduced travel, constant lap, and a varia- 
ble or constant lead upon the cut-off, lead angle, port open- 
ing and exhaust closure of a simple slide valve. 

With a Constant Lead opening the centre of the eccen- 
tric should be moved in a direct line from F to B, Fig. 17. 
When located at F, the travel of the valve equals twice 
C F=5 inches, the lap— 1", and lead=f" ; if now we mark 
the lap and lead on a slip of paper and a^ply it in the usual 
manner to the 5 inches line of the Travel Scale, we find that 

The cut-off= 123^=0.77 stroke. 

The lead angle=10 degrees. 

The port opening=lJ inches. 

The exhaust closure =1^6^°= 0.92 stroke. 

Upon removing the centre of the eccentric from F to/* 
the travel will be reduced to twice C F''=4". Lap and lead 
opening remaining unchanged, we find by applying them 
to the 4" line of the Travel Scale that — 

The cut-off=106°=:0.64 stroke. 

The lead angle =14 degrees. 

The port opening =1 inch. 

The exhaust closure=136°=0.86 stroke. 

Since V is removed the same distance from B that / is 
from F, the two positions/" and V will give precisely the 
same results for opposite motions of the crank. 

In like manner the cut-off, etc., for the positions/*, &*, 
and M may be readily found, but their mutual relation can 
best be exhibited by grouping their results in a Table like 
the following for — 
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Constant Lead. 



EiCcentric 
location. 



F orB 

roxb' 
M 



Cut-o£ 



d«g. 



123 =0.77 Stroke. 
106 =0.64 " 

43ii=o.i4 " 



10 

43^ 



4«». 

332 
44 
67 
90 



Exhaust Closore. 



146 J .- 

136 =0.86 
113 =0.695 
90 =^ 



0.92 Stroke. 



Again, with Variable Lead opening^ diminishing from 
the mid gear toward the fall gears (from |" to |") the centre 
of the eccentric must move in the arc of a circle, as shown 
in Fig. 18, where the points /*,/' are drawn a little nearer 
toward the centre of the shaft, thereby reducing the travel 
of the valve. A Tahle simUar to the ahove has "been con- 
structed for showing the effect on the motion of— 

Variable Lead, 



Eccentric 
locations. 


1 


i 


I 


Cut-off 


t 
1 


1 


•*. 


Exhaust Qosure. 


F orB 

/» or h^ 

/» or -68 

M 


deg. 

% 


1 

I 
I 
I 
I 




129^=0.82 stroke. 
107 =0.65 " 

71 =4 

43i=o.i4 <* 


,dH:. 
3i 

24 
43i 


deg. 


deg. 
27 

4ii 
90 


deg. 

1 53 =o-94S stroke. 
i38i=t 
ii3i=o.7 
90 =i 



From a comparison of the foregoiag tahles we are ena- 
bled to draw the following general conclusions : 

I. That whether the eccentric centre be moved along a 
straight Mne, or upon an arc, the cut-off and exhaust clo- 
sure will take place the earlier, the nearer its approach to 
the mid gear; while the lead angle and angular advance of 
the eccentric will be increased in magnitude. 
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n. At the mid gear — 

The port opening = the lead opening of the yalve. 

Cut-off angle =lead angle of the valve. 

Angular advance=90^, 

Hence the exhaust closes at the ^ stroke. 

III. If the port opening =0, in the mid gear, then the lead 
opening=0, and the lead angle=90°. The steam conse- 
quently is not admitted to the cylinder for either stroke of 
the piston. 

IV. Since the free admission of the steam depends di- • 
rectly on the area of the port opening, and this is gradually 
reduced towards the mid gear, it must be evident that the 
most injluential element upon the perfect action of a link 
motion, or adjustable eccentric, wiU he this width of lead 
opening in the mid gear ; at which location it invariably 
equals the port opening. 

V. Whether the lead opening remaias constant or va- 
ries from the full to the mid gear, the lead angle — or angu- 
lar distance of the' crank from the nearest centre at the mo- 
ment the port commences to open for the admission of 
steam — increases in magnitude from the full to the mid 
gear. At this point, if the lead opening=0, the angular 
distance becomes=90''. This condition is of course incom- 
patible with motion, for the port opening being 0, no steam 
can enter to urge forward the piston, but could this be 
moved to the 90° or J-stroke point by extraneous force, it 
would then be repelled by the steam admitted for the sup- 
ply of the return stroke. 

VI. To estimate, therefore, the effect of any lead on the 
continuity of the crank motion, it is necessary to know not 
only the width of the lead opening (or lead) at the end of 
the stooke, but also the angular distance of the crank (or 
lead angle) at the moment lead commenced. In other 

6 
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words, we must know the area of the opening and the Ume 
required to produce it. Thus with a constant lead of f inch 
the port commenced opening for the full gear when the 
crank was within 10° of the end of the stroke, but for the 
mid gear when the crank tvas within 43J° of the same posi- 
tion, a portion of time nearly 4J times greater for the same 
opening. Since the volume of steam admitted through a 
contracted passage, depends more directly upon the time 
that passage is kept open than upon its area, it manifestly 
would be absurd to imagine that a valve motion, having 
constant lead, was capable of admitting steam with invari- 
able eflfect for aU points between the full and mid gears. 
So far as preadmission alone is concerned, the lead opening 
should grow smaUer on the approach towards the mid gear. 



The relations between travel, lap, lead and port open- 
ing for the different positions F, /',/*, M, &*, 6% B of the 
eccentric, are conveniently expressed by a single diagram 
like Fig. 19. 

Describe the travel circle a! F B, lay oflF on both sides 
of the centre or exhaust-closure line d C, the lap and lead, 
and draw the cut-off and lead lines. Through the various 
positions F,/', etc., draw indefinite lines parallel to the 
central line of motion a! d\ and upon these lay off on each 
side of the exhaust-closure line the J travel for the location 
in question. Thus, from d lay oS d d and d a each equal 
to C F the J travel ; from c*, d" h and d e each equal to 
C/', and so on. Finally, draw the curved lines d^cU", 
a W a' through the extremities of the travels for their boun- 
dary lines,* and we obtain a sort of travel scale expressive 

* The resulting curves will invariably constitute the branches of an equilat- 
eral hyperbola. 
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of the character of the motion at the diflferent gears of the 

eccentric. 

Fio. 19. 



|. TMKL.- 



\ 




Since for any particular case the lap absorbs a constant 
portion of the travel, as the distance I ?, it is evident that 
in order to obtain a variable cnt-off, we have sacrificed port 
opening and consequently the travel in both strokes, and 
have reduced its excess F eZ or B t? over the lead in the full 
gears, to notMng in the mid gear. This Figure wiU enable 
us hereafter to trace the analogy between link and adjusta- 
ble eccentric motions. 

Having explained the effects attending a motion of the 
eccentric's centre across its shaft, it is proper to indicate 
how such motion can be secured. 
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The devices are naturally grouped under two classes : 
1st. Those capable of acting upon the eccentric wlifle 
the engme is in motion. 

2d. Those that require a state of rest for their manipu- 
lation. 



The idea of moving the centre of an eccentric directly 
across its shaft, by means of two wedges with reversed 
points, first originated with Mr. Dodd, of Newcastle, Eng- 
land, and a device similar to that shown in Figure 20 was 
patented by him in 1839. His object was simply to obtain 
a reversable valve motion, little dreaming at the time of its 
latent powers as a variable cut-off. These were subse- 
quently developed by Mr. Dubs of Glasgow and success- 
fully applied, with slight modifications of design, to many 
locomotives. 

In the accompanying figure the crank A is placed at the 
zero, as well as at right angles to its mate Gt. The valve 
motion of its cylinder is operated by the eccentric pulley 
D, whose centre /^ may be moved across the shaft to any 
other position between F and B, by withdrawing or insert- 
ing the wedges d d secured on one side of the sliding pulley 
H. In its opposite side are two similar wedges e e, for oper- 
ating the pulley E, which controls the valve of the cylinder 
belonging to the crank G, and consequently moves in a line 
n n^ at right angles to F B. If now the pulley H be slid 
along the crank shaft until brought in contact with the 
eccentric D, the centre /^ will be transferred from/^ to 
B, and in like manner n^ to n^, locations appropriate to a 
back or negative motion of the crank. When howler it 
comes iu contact with the eccentric E, the two eccentrics will 
stand in the full gear forward positions F and n^ and the 
nearer the puUey H approaches the mid position between 
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D and B the earlier will the cnt-aff take place, as already 
shown in Fig. 17. 

A moment's reflection will satisfy the mind, that the 
Dodd Wedge Motion cannot be oorrek5ted for inequalities 
of cut-off and exhaust closure due to angularity of the 
connecting rod, without introducing mid gear inequal- 
ities of port opening, far more pernicious in their effectia 
&an the evils we seek to abate. 

The second class of motors find their chief application in 
connection with portable engines where it is seldom neces- 
aty to reverse the direction of the crank motion. The 
mechanical arrangement of the parts is shown in«Fig. 21. 

Pia. 21. 




CENTRiJ. LINE* 



The collar H, being firmly keyed upon the main shaft c g^ 
carries on one side a bolt A which i)erforms the office of a 
j^vot to the slotted eccentric pulley E. Through the oppo* 



Digitized by 



Google 



,86 ADJUSTABLE EOOENTBIOS. 

site side passes the bolt J) fitting loosely the slot D d, and 
capable of clamping the pulley in any desired position. 
The eccentric has an angular advance of 30"" and its centre 
occupies the fall gear forward position F. To place it in the 
full gear back position at B, the bolt D should be loosened 
and the pulley E turned on its pivot A until the point d 
assumes the position D. This motion will transfer the cen- 
tre F, upon an arc whose radius equals A F, across the 
shaft to B, and give as in Fig. 18 an increasing lead from the 
fall to the mid gear. If however it were required that the 
lead be preserved constant for all gears of the eccentric, the 
curvature of the slot D d should be formed with a shorter 
radius than D A, a similar change should be made in the 
large slot, and the hole for the bolt A should be oval in the 
direction of the Une A F so that the pin D might force the 
centre of the eccentric to adhere practically to the straight 
line joining F and B. 

Figure 21 illustrates a simple method for determining 
the diameter of the eccentric pulley and for arranging the 
centres in such a manner that the large slot shall be dis- 
posed symmetrically on opposite sides of the diameter A 
F. The process is carried out as follows : 

1st. About the centre C describe a circle c g^ with a 
diameter equal to that of the proposed shaft. 

2d. Decide upon a suitable diameter for the eccentric 
pivot A and locate the bolt as near to the shaft c g^ on the 
central line of motion, as consistent with the strength of 
the pulley. 

3d. With A as a centre and A C radius describe an arc 
C c ; join A with its point of intersection c of the shaft circle. 

Bisect the angle C A c by the Une A F. 

4th. Lay off the required angular advance line C F. Its 
intersection with the line A F locates the centre of the eccen- 
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trie in fhe full gear forward. About F as a centre strike a 
circle for the eccentric enclosing the pin A by a distance 
sufficient to give ample strength to the eccentric puUey. 
The distance C F will then equal the J travel of the valve, 
with which radius the travel circle F B may be described, 
and the lap readily determined. 



The angular advance is usually taken at about 30° or 
the I cut-oflf, but of course the larger the advance the 
greater will be the travel of the valve, lap, &c 




Th3 above cut iUustraies another modification of the 
adjustable eccentric. In this device, the collar H is made 
larger than the eccentric pulley, and keyed &st to the 
shaft. The pulley E is secured by the bolt A, and any 
tendency to its rotation prevented by meatus of a feather on 
the back, which fits the slot d. 
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LINK MOTION. 



The various mechanical devices embraced under this 
general term, have many strong points of resemblance and 
subserve a common object. By means of them, the Engi- 
neer is able at will to change the direction of the crank ro- 
tation, with only the loss of the time required for overcom- 
ing the momentum of the moving parts, and developing the 
like in a reverse direction. More than this simple result 
was not contemplated in the original discovery of the link. 
Subsequently, however, it was foimd to be capable of regu- 
lating the cut-off of the steam, so that the power could 
always be adjusted to the work required. This feature 
greatly enhanced its value, and placed the engine imder the 
complete control of the operator. 

The extreme simplicity of the ;parts of the link motion, 
has enabled it to contend successfully with all rivals, and 
at the present day it remains in substantially its primitive 
form. It is applied principally to locomotive and marine 
engines, where the power demanded is quite variable, and 
the motion at one time direct, at another reverse. 

The designs may be divided into four classes : 

I. The shifting link motion. 

II. The stationary link motion, 
rn. The Allan link motion. 

IV. The Walschaert link motion. 
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The first form was invented by Mr. Howe, in 1843, and 
applied to the locomotives of Messrs. Eobert Stephenson & 
Co. It is in fact the representative link motion, which, ex- 
cepting slight modifications in the mode of suspension, 
remains unchanged by the accumnlated experience of a 
quarter of a century. 

Simultaneous with the appearance of this motion was 
that of the second, the discovery of Mr. Daniel Gooch. It 
accomplishes perfectly analogous results, and has met with 
much favor throughout Great Britain and the Continent. 

The " AUan" combines the characteristic features of the 
Howe and Gooch link motions in such a maimer that the 
parts are more perfectiy balanced, consequently it dis- 
penses with the counter weight or spring peculiar to the 
former of these motions. 

The Walschaert motion is extensively applied in Bel- 
gium, but probably will not receive much attention from 
locomotive Engineers, beyond the limits of that Kingdom, 
unless future designers succeed in reducing the number of 
its connections. 

It is proposed to confine our investigation to the shifting 
link motion, to develop the general laws governing its ac- 
tion amid varied conditions, to present graphic methods for 
determining the proportions of the parts, and briefly to 
point out the general application of the same to the link 
motions of the other three Classes. 



SHIFTIl^G LII^TE: MOTIOl^S. 

A link, operated by two fixed eccentrics, forms when 
properly suspended an exact mechanical equivalent of the 
movable eccentric. Unlike the latter, however^ its motion is 
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capable of an aocurate adjustment, which practically nulli- 
fies the effect of irregularities in cut-off and exhaust closure, 
attributable to the angularity of the main connecting rod^ 
The general form in which its parts are arranged m 
American locomotive practice, is clearly shown in Fig. 22. 
Upon the main shaft are keyed the forward and backing 
eccentrics, with their centres at P and B, the two extreme 
positions of the single movable eccentric in Fig. 17. Their 
straps are bolted to the eccentric rods, and these in turn 
are pinned to the "link." The slide valve is attached by 
its stem to one of the rocker arms, and a "block" sur- 
rounds the pin of the opposite arm, which fits the main 
link and slides freely therein. The centre of the link is 
spanned by a plate called the " saddle," on which is formed 
the pin or stud that supports the link and eccentric rods. 
This pin is embraced by a bar called the "hanger," or 
sometimes the suspending or the sustaining link, from its 
position and the service rendered to the motion. The 
former term is preferable on account of its conciseness, and 
can lead to no confusion. The opposite exti-emity of the 
hanger is attached to one arm of the tumbling shaft. Both 
arms of this shaft are rigidly secured, and form upon it a 
"bell crank." The shaft itself freely oscillates on prop- 
erly supported bearings, but is. limited in its motion by the 
action of the reversing rod. The link has been dropped 
into the full gear forward, thus throwing the entire influ- 
ence of the eccentric F upon the valve motion to the almost 
complete exclusion of that of its mate B. By drawing back 
the reversing rod and raising the link until the pin of the 
other eccentric rod is brought in line with the pin of the 
rocker arm, the link will be made to occupy a location ap- 
propriate to a negative crank movement (as with B, Fig. 17) 
and intermediate suspensions will in like manner be pro- 
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ductive of earlier cut-off and exhaust closures. In order to 
clearly demonstrate that such simiLariiy exists between 
these motions, it will be necessary to reduce Fig. 23 to a 
skeleton form like Fig. 23, and follow the joumeyings of 
the "link arc" throughout a complete revolution of the 
crank. 

Let the path of the main crank pin be represented by 
the circle E D in Fig. 23. This being divided into 12 equal 
parts, gives a sufficient number of positions for the purpose 
of tracing the motions of the link arc. The zero will be 
known as position No. 1, the 180° as position No. 7, and so 
on. Within this circle describe the path of the eccentric 
centres by means of the circle F B V. This should first be 
divided into 12 equal parts, with F as the origin of one ec- 
centric' s motion, and again into 12 other equal i)arts with 
B as an origin, so that when the crank moves from position 
No. 1 to 3 the new positions /* and V of the two eccentrics 
may be instantly foimd, and the same with other locations. 
The original positions F and B are of course laid off with 
the angular advance due to the proposed maximum cut-off. 
At the distance C t from the centre of the shaft erect the 
perpendicular T t and locate T the fixed centre of the tum- 
bling shaft. T 7i wiU represent the arm which supports the 
link through its hanger and h K W the arc described by 
this arm. A second perpendicular at the distance C A will 
contain the point R, the centre of the rocker shafts whose 
arm R A sweeps the arc r A r. The motion of the upper 
arm, being merely the reverse of the lower, need not be 
considered, and so long as the angular advance is properly 
located no error can arise from the omission. In the mo- 
tion of the lower arm there are five locations of vital im- 
portance, viz : one at which the exhaust of the valve opens 
or closes, two appropriate to the lead at fuU gear of the 
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link, and two at which cnt-off takes place or the valve 
closes its ports. The 1st is evidently the normal position 
E A of the rocker, the 2d. B>dy R d\ that in which the 
rocker pin is drawn aside a distance A d equal to the sum 
of the lap and lead, and the 3d B Z, Jl ? corresponds with 
a removal A I equal to the lap. Hence, so far as the slide 
valve is concerned we can confine onr attention to the mo- 
tion of the rocker arm pin upon the arc r r. The five posi- 
tions in question can be distinctly located by sweeping a 
circle d d!^ with a radius equal to the lap plus the lead of 
the valve, around the exhaust point A, and inscribing a 
second circle I V with a radius equal to the lap of the valve. 
Then the four points in which these circles intersect the arc 
T T will give the 4 positions of the pin corresponding with 
the lead and cut-off positions of the valve, and the centre 
of these circles wiU give the exhaust closure positions. As 
these locations wiU be constantly referred to in the sequel, 
it should be remembered that the "lead circle'' d W fixes 
those poiats on the arc r r which the pin of the rocker arm 
must occupy when the valve has a given lead ; and that 
the "lap circle" I V locates the positions of the same pin 
for the moments at which the steam ports are closed against 
the admission of steam to the cylinder. 

Our next duty wUl be to reduce the link to its simplest 
form. 

It appears on examination that the rocker pia is entirely 
subject, in its motion, to the guidance of the link arc, and 
that this arc swept with a radius C A is rigidly connected 
with three moving points, viz. the saddle pin, and the two 
eccentric rod pins. In following the motion of the link arc, 
the connection of the parts can best be maintained by the 
use of a template, cut from white holly veneer or other 
hard wood and shaped like L L in Fig. 23, upon which are 
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96 SHIFTING LINK MOTIONS. 

made V shaped incisioiis for locating the pointd /, S and 9 
of the pins. 

We are now prepared to find position No. 1 of the link 
corresponding with No. 1 of the crank. Of course when 
the crank is at the zero the steam port should be opened an 
amount equal to the lead of the valve. The rocker arm 
therefore will occupy the position R d^ and the point d lie 
in the link arc. Since the eccentric centres P, B are found 
in a line perpendicular to the central line of motion, and 
the eccentric rods are of equal length, the link must occupy 
a nearly perpendicular position. Place the template so that 
its arc coincides with the point d and mark the point /upon 
the paper, then the distance from P to / wUl equal the 
length of the eccentric rod. With this length as a radius 
describe about F as a centre the small arc f g^ likewise 
with B as a centre describe the small arc & Ti. Apply the 
template to these arcs so that the points / and & shall be 
found in them and the point d on the link arc ncd^ after 
which, draw the link arc on the paper and we obtain posi- 
tion No. 1 of the link. With the saddle pin S as a centre 
and the length of the hanger ^ S as a radius, the position T 
Ti of the tumbling shaft arm is readily^ found for full gear 
of the link and conversely the arc c S c is fixed along which 
the saddle pin must travel during the revolution of the 
crank. 

The preparatory stages of our solution are now complete, 
the link motion of Pig. 22 has been reduced to its skeleton 
form and the first position of the link located. Our next 
step is to follow the link arc during its joumeyings in a 
single revolution of the crank. Suppose then, the crank 
is made to occupy position No. 2, the eccentrics will be 
carried forward from P and B to/^ h^. Since the length 
of their rods remains unchanged the dbvc^fg^ h \ will be 
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removed from their first position and the link template will 
follow them with its points J and /. The only restraint 
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98 SHITTING LINK MOTIONS. 

upon the course of this template is that the point S must 
travel on the hanger arc c c. If therefore we describe new 
arcs about the centres /^ 52^ and adjust the template so that 
/* and b shall be found in those arcs and S in the arc c c 
there will result a new link position with its arc standing 
like 2 2 in Fig. 24 and intersecting the rocker pin arc r r at 
a point &. But as the rocker pin necessarily follows the 
course of the link arc it will by this change be drawn aside 
from d to k, co isequently the steam port will be opened 
wider by the extent of the horizontal measurement of this 
distance. In like manner when the crank is carried to 
position No. 3 the link arc will be removed to 8 8 as in 
Fig. 24, and the rocker pin to V, producing thereby a still 
wider opening of the steam port. The same process applied 
to the remainder of the 12 crank positions wiU give the 
other locations of the. link arc (as in Fig. 24) for the fuU 
gear of the link. Now observe that the liak position 3 3 pro- 
duces the widest opening of the steam port, and as the crank 
advances to 4 and 5 this opening grows less and less, until 
between 5 and 6 the rocker pin reaches the point Z, where the 
steam is finally cut off. During its further progress expan- 
sion goes on and at last when A is attained the exhaust 
opens and the steam escapes. At position No. 7 (the 180° 
location of the crank) the link arc is brought again in con- 
tact with the lead circle and a like process is repeated 
throughout the return stroke. 

A duplicate set of link arc locations, might readily be 
obtained by raising the link to the full gear back position 
and a similar set for the mid gear, but an examin- 
ation of the one just found will develop the character 
of the motion. Draw curved lines* tangent to the 

♦ Hyperbolic curves with semi-transverBe axes shorter than their semi-con- 
jugates. 



Digitized by 



Googk 



SHIFTED LINK MOTIONS. 



90 



extreme positions of the link arc to represent the boun- 
day lines of the valve travel, as B B' B" and D D" in 
Fig. 25. From the centre of the main shaft, with a ra- 




dius equal to C A sweep an indefinite arc A A' A" for the 
exhaust-closure line, and parallel arcs I V W for the cut-off 
lines. Draw lines d W d)^ and d B' cZ" tangent to all the link 
arc positions No. 1 and No. 7 ; these show, by their distances 
from the cut-off lines, the variable character of the lead 
opening at the extremities of the stroke. 

Coniparing Figures 25 and 19 we find that the shifting 
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link, with its two eccentrics, gives results precisely analo- 
gous to those of the adjustable eccentric, consequently all 
the inferences (page 81) we were able to draw fix)m the lat- 
ter motion, will hold with equal force in the case of the 
former. 



ADJUSTMEli^T OF LEN^K MOTIOIiirS. 

Besides the qualities possessed in common by the two 
motions, the link has that of adjustability, a very impor- 
tant feature, and one which specially characterizes it. As 
the tendency of the connecting rod angularity in a direct 
acting engine is to produce a later cut-off on the forward 
stroke than the amount required, and since with the link the 
cut-off in either stroke depends on its degree of elevation 
or depression ; it follows that if we suspend the link in 
such a manner as to cause a suitable elevation for the for- 
ward stroke, the result will be a perfectly equalized motion 
for the gear in question. And again if the equalization 
be >made applicable to aU gears, then the link may be 
suspended at any point between the fuU forward and 
full back withovi an appreciable inequality appearing 
between the cut-offs or the exhaust closures of either stroke. 

But a practical difficulty here arises ; the link block 
moves upon a fixed arc r r while the link rises and falls, 
consequently for each revolution of the crank fhe lirik will 
slip back and forth a certain distance on its block. Should 
this slip be excessive in any particular gear and the engine 
run a long time in this gear, the faces of the link would 
become worn, ^' lost motion" would ensue and the delicate 
action of the parts would be destroyed. 

Hence in planning a serviceable link motion it is neces- 
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sary to reduce the slip of the link to its smallest value, con- 
sistent with the equalization of the motion, and in Tnarine 
engines to even sacrifice the equality of the cut-oflfe to the 
reduction qf the slip. In Pig. 24 the motion of the two 
fixed points {m and n) on the link have been traced in 
looped curves. The upper of these, shows to what extent 
the point m fells below and rises above the arc r r, giving 
a slip equal to the distance S plus S'. 

It is important to observe that the magnitude of the slip 
grows smaller and smaller as the link block draws nearer 
to the point of suspension, because this fact indicates that 
the stud of the saddle should be placed — ^when a minimum 
value of the slip is required at a certain point of suspen- 
sion—as nearly over such point as possible. 



0O]!^NE0TIOl)f OF EOOEK'TEIO EODS. 

The variable character of the lead opening in a shifting 
link motion depends upon the manner in which its eccen- 
tric rods are attached, and its magnitude depends on the 
length of those rods. The force of this remark wiU appear 
from an examination ©f Figures 26 and 27. In bc*h 
instances, the eccentric centres lie between the cerdre of the 
shaft and the linJc^ while the latter for sake of simplicity 
has been made to act directly on the valve. The No. 1 
position represents the mid gear, and No. 2 the fall gear 
forward of the link. If under these conditions the eccentric 
rods be crossed as in Pig. 26 the lead opening will decrease 
from the fall to the mid gear of the link, where the motion 
may even be without lead. 

But with the open rods of Fig. 27 the lead opening 
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Fig. 96. 




Fig. 27. 




increases from the full to the mid gear, and the rapidity of 
this increase, for a given link, depends directly upon the 
length of the rods ; hence with a given mid gear lead open- 
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ing that for the full gear wiU "be determined mainly by this 
length. Excepting the case of valves having an independent 
cut-off (Part V.) the rods are seldom crossed as in Fig. 

26, yet (from conclusion VI, page 81) it is believed that 
many instances exist in which the arrangement might be 
adopted with good results. It is also possible, with such a 
motion, to stop the engine by placing the link in the mid 
gear ; but this can never be done with a motion like Fig. 

27, whose valve is invariably opened a certain amount in the 
mid gear. The extremes of mid gear lead opening in loco- 
motive practice are J and J an inch, but the more common 
value is | inch ; while the fall gear lead varies between ^ 
and ^ inch, governed principally by the length of the ec- 
centric rods. 

With the stationary link the lead opening remains un- 
altered by changes in gear ; so that if f inch be assumed as 
the proper amount for the full gears, the motion wiU retain 
this lead for all gears between these extremes and the mid 
gear. This peculiarity is not inherent with the stationary 
link, since many shifting link Tnotions may be arranged 
with a Constant Lead for the various gears of (me direction 
of the motion. Take, for example, the motion shown in 
Fig. 22, in which the angular advance of each eccentric 
equals 21° and the lead enlarges from y^ in the full, to j^" 
in the mid gear. By imparting an angular advance of 31° 
to the eccentric F, while that of B remains unaltered, the 
lead opening becomes constant tor aU points between the 
full gear forward and the mid gear, and diminishes from 
^^ inch in the mid gear to J'' in the full gear back. Vice 
versa for a change in the angular advance of the eccentric B. 
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PEACTICAL OBSERVATIONS. 
(based on fig. 22.) 

I. The tumbling shaft must l^e located at such a dis- 
tance above or below the central line of motion, that neither 
eccentric rod can strike against it when the link is moved 
from one fall gear to the other. Special cases may arise 
that demand a curvature of the eccentric rod, but the prac- 
tice in general should be discountenanced. 

II. The hanger must be of such a length that the ex- 
tremity of the link will not conflict with the tumbling shaft 
arm in either forward or back gear. The length of the tum- 
bling shaft arm is usually equal to or greater than that of 
the hanger. 

III. If the link cannot be placed in fall gear back, owing 
to the arrest of its tumbling shaft arm by the boiler or 
other opposing object, either the tumbling shaft must be 
removed and located helow the link motion, or the rocker 
must be lengthened in order to depress the central line of 
motion and with it, the entire motion. When the latter ex- 
pedient is resorted to, a change should be made in the rela- 
tive positions of the rocker arms, for the purpose of pre- 
serving the identity of their motions. The proper inclina- 
tion W of the arms is found by describing a circle rttr (Fig. 
28) tangent to the central line of the valve stem, or a line 
sufficiently above the same to equalize the vibration of the 
stem, and the central line of the motion. Eadial lines from 
the points of tangency will then give the relative positions 
of the arms. 

This method of correction is preferable to the former in 
respect to the symmetry of the motion, because the greater 
the length of the rocker arm, the less wiU be the vibration 
of the valve stem, as well as the slip of the link block. 
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rV. So long as the angular advance of the eccentrics is 
laid off from a line at right angles to the central line of the 
link motion, the latter can be arranged at any inclination 
to the piston motion, without affecting the action of the link. 
These central lines were made to coincide in Fig. 22, merely 
for the purpose of simplifying the investigation, whereas 
they might have formed with each other any angle what- 
ever (see Pig. 62, Part Y). 
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106 GENERAL DIMENSIONS. 

In ordinary locomotive practice the dimensions of ..the 
various parts range between the following extremes : 

Eatio of crank arm to connecting rod 1 : 5^ and 1 : 8. 
Travel of valve 4 to 6 inches. 

Maximum cut-off from | to 0.92 of the stroke (gene- 
rally =|). 

Mid-gear lead J" to |", usually the latter. 

Pull gear (dependent on length of rods) ^" to ^". 

Eadius of link 3' 6" to 6 ft. 

Distance between eccentric rod pins 10" to 14". 

Pins back of link arc 2 J to 3 inches. 

Saddle-stud back of arc 0" to 1^ inches. 

Stud above central line of link 0" to 2^"^ 

Length of hanger 12 to 20 inches. 

Length of tumbling-shaft arm 14 to 22 inches. 

Length of rocker arm 8 to 11 inches. 



GEIsTERAL PRUsT IPLES. 

OF THE GEOMETRIC SOLUTION. 

A cursory examination of the link motion might natu- 
rally lead to the conclusion— from the simplicity of the 
parts and the strong resemblance existing between their ac- 
tion and the single eccentric's — ^that the theory of the latter 
being perfectly comprehended, but little difficulty would 
attend the work of assigning proper proportions to the 
former. Such an inference, however, would -not be 
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Birengthened by a closer inspection, much less sustained by 
an intelligent eflfbrt to accomplish a solution. The reason 
for this fact lies not only in the multiplicity of the parts, 
but also in the conflicting character of the elements that 
constitute a perfectly equalized link motion. 

' The requirements of such a motion ^rer-^erfect equality 
of cut-off, of exhaust closure, lead opening and maximum 
port opening, together with absence of block slip, between 
the forward and return stroke of the piston for e^ery sus- 
pension of the link from full gear forward to full gear back. 
Such theoretical excellence is absolutely impossible with 
the ordinary type of link motion, and efforts made to attain 
the same must necessarily result in failure. 

But good practical qualities Toay he obtained by sacri- 
ficing the non-essential to the essential points of the mo- 
tion. The action of the connecting rod on a link motion, 
may justly be compared to the distorting eflfect of pressure 
exerted upon one point of a symmetrical india-rubber baU, 
producing thereby a temporary concavity. This it is true 
can be removed by an even application of additional pres- 
sure to the adjoining parts, but the ultimate effect will be a 
bulging out of the central portion, and the symmetry can 
alone be restored by withdrawing gM pressure. Just so 
with the link motion, the angularity of the rod tends to ren^ 
der one or more events of the motion unequal in the oppo- 
site strokes of the piston, and should it appear more desira- 
ble to presei^ve certain ones of these than others, we must 
purchase their equality at the expense of the latter. Re- 
ducing the angularity of course diminishes its disturbing 
effect, hence in departments like locomotive engineering, 
where much attention is bestowed on the equalization of the 
motion, crank and connecting rod ratios of 1 : 7 or 8 obtain ; 
while in marine engineering ratios of 1 : 4 or 5 are common. 
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The subject of presemng the equalities of cut-off and 
exhaust closure at the expense of lead and port openings 
has been treated of in Part 11. It will only be necessary to 
examine it here -with reference to the mid gear. At this 
point the port and lead openings attain their minimum 
value, which being much less than the 0.6 or 0.9 port open- 
ing required for perfect admission, tends to reduce the pres- 
sure of the steam by wire-drawing, and if these openings 
vary, unequal powers will be applied in opposite strokes. 
Consequently the mid gear^ lead and port openings must 
have equal values in both strokes, however irregular they 
may be in the full gears. No fixed limit can be assigned 
to the slip of the link on its block, but the amount allowa- 
ble under different conditions will readily be determined by 
the judgment of the Engineer. In every case, the main ob- 
ject is to reduce the slip to a minimum value for that gear 
in which the engine wiU be most frequently operated. 
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LINK No. I. 



In designing an engine, as a 
general thing, no particular part 
can be isolated, its proportions 
assigned, and its detaUs worked 
out regardless of the conditions 
inevitably imposed upon it by 
the character of the adjoining 
parts ; but rather, trial dimensions 
must be affixed, their adaptability 
tested and modified by circum- 
stances, and finally all must be r— (i 

unfolded and developed in per- 
fect harmony. When the sub- 
ject of scheming the link motion 
comes in order, we find that pe- 
culiarities of detail have already 
fixed the ratio of the crank arm to the connecting rod, 
have pointed out a convenient location for the rocker shaft 
and have more or less circumscribed the boundaries of the 
entire motion. 

Since methods of construction are always most intelli- 
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gibly presented when the mind is able to follow their ope- 
ration iQ the solution of a practical example, we will take 
for illustration of our method the following dimensions : 

Batio of crank to connecting rod=:l : 7^. 
Eccentric circle diameter=5J inches. 
Maximum cut-off=0.92 stroke. 
Rocker from shaft=491 inches. 
c. to c. of eccentric pins =13 inches. 
Pins back of link arc=3 inches. 
Mid-gear lead =f inch. 

To find lap, full-gear lead, point of suspension of linlr 
and location of tumbling shaft. 



Spread upon a long drawing board, or table, two sheets- 
of paper large enough to contain figures similar to 39 and 
31 when drawn on the Full Scale. The one will be used for 
locating the various important positions of the eccentriq 
centres ; the other, for the joumeyings of the link and its 
point of suspension, their centres should therefore be sepa- 
rated by the proposed distance between the shaft and 
rocker. 

Stretch a fine thread tightly across both papers in order 
to locate the right line E C D A, which constitutes the 
Central line of Motion."^ 

Describe about the point C as a centre the eccentric 
circle E F D, with a radius equal to the throw of the eccen- 
tric. Then, with the points of intersection E and D as 
centres describe with an assumed radius equal arcs inter- 
secting at G and H and erect the perpendicular Gr C H to 
represent the neutral positions of the eccentrics. From this 

* The use of the T square should be avoided in all of the ooustructiooA. 
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line lay off an angular advance appropriate to the desired 
cut-off. Tlii3 may be found in the subjoined Table : 



Cut-Off. 


Angular 
Advance. 


Return Stroke 

Maximum 
Cut-OflF Angle. 


0.75 = 1 

0.8 

0.84 

0.875 = 5 

0.9 

0.92 


28 degrees. 
25 « 

22 " 
20 « 
17 « 
16 « 


124 degrees. 

130 " 
136 " 
140 « 
146 " 
148 « 



In the present case the advance equals 16°, which laid 
off, by means of a protractor, from the line C G, determines 
the position P of the forward motion eccentric when the 
crank stands at the zero. In like manner B might be found, 
but it wiU always prove more convenient and accurate to 
take in a pair of dividers the distance between F and the 
point of intersection of the circle with the line G C and then 
prick off from the line G H the points J, /, B. We thus 
obtain the two positions F and B of the forward and back- 
ing eccentrics when the crank stands at the zero, as well as 
their new ones/ and h for the 180° location of the crank. 

It is weU known that the inequality of the crank angles 
attains its maximum value at the J stroke of the piston, 
hence the importance of examining the link motion with 
special reference to the \ stroke cut-off. Although appropriate 
angles for the crank have been furnished in the Stroke Table, 
it is thought best for facility of reference to here reproduce 
them in a more compact form. 
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Crank Angle* for 




Half^Stroke Foation of die Firton. 


Ratio of 

Cnak 

to Connecting Rod. 




Fonnid Stroke. 


Return Stroke. 


I :4 


822 degrees. 


97g degrees. 
964 " 
95 " 




4| 


83I " 




5 


84| " 




5^ 


84I " 


95i " 




6 


85I " 


94i " 




H 


8s| « 


94| :: 




7 


8sl " 


94I 




7i 


86| " 
86| " 


93 " 




:8 


935 .« 



If the ratio of crank to connecting rod be that of 1 : 7^ 
the two eccentrics will advance 86 J° from F and B while the 
j)ifiton travels to its forward J stroke location, and 93|° from 
/ and b for the return stroke. 

A very convenient way of locating these fonr points is to 
lay off from C F by means of a protractor, the point J / 
distant 86^°, and /i distant 931° fi^m fC. Then with 
a pair of dividers prick off these points at equal distances 
on the opposite side of E and D giving thereby the two 
other points ^b and b^. In the nomenclature here adopted 
the letter / refers to that eccentric which produces a forward 
or positive motion of the crank, while b always designates 
the eccentric for the back or reverse motion. 

When a fraction is prefixed to either of these letters, it 
signifies some forward stroke position of the piston with the 
link in the forward gear, but if it follows the letter a return 
stroke of the piston with the link in the same gear. Thus, 
the i/ represents the position of the forward eccentric when 
the link is in the forward gear and the piston has advanced 
to its forward J stroke location, and f^ represents the same 
when the piston has attained its i stroke return position. 
Having accurately located these eight Important positions 
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LINK NO. I. 113 

of the eccentrics, we pass to the other sheet of paper and 
trace theh* influence on the proportions of the link attach- 
ments. 

Since the assumed distance of the rocker from the shaft 
is 49^" and the eccentric rod pins are withdrawn 3" hack of 
thelihk arc, the length of each rod will equal 491"- 3"= 46^''. 
Adjust a pair of heam compasses to strike arcs of 46^' 
radius. Step the needle point successively in the eight loca- 
tions of the eccentric's centres just found, and sweep from the 
central line of motion the same number of indefinite arcs (as 
shown in Fig. 30) upon which the eccentric rod pins must 
inevitably travel for the four given positions of the crank 
arm. 

Next, from a piece of white hoUy veneer cut a template L 
(Fig. 32) having a link arc of 491" ^^'^ ^*t V incisions, 13" 
apart and 3" hack of the arc to represent the location of the 
eccentric pins, and draw upon the same the three parallel 
lines fm,JB, b n ; making y S lie midway between/ and 6 
as well as perpendicular to a line joining these points. We 
are now prepared to trace the joumeyings of the link arc. 

I. To FIND THE MID-GEAR TRAVEL. 

For this purpose place the template in the mid gear 
positions No. 1 and 3 (Fig. 31) with its eccentric pins on the 
arcs F, B, /, 6, and mark the points d\ d^ in which the link 
arcs intersect the central line of motion. Locate these 
points permanently by describing a circle through them, 
having its centre A in the central line. This point gives lis 
the trti£ location for the rocker shaft, the distance from the 
main shaft being equal to C A instead of 491".* Through 
A, therefore, erect a perpendicular A R to the central line of 
motion and on it locate the centre R of the rocker shaft. 

♦ Their difference is always so trifling that the rocker box maj readily 
be moved the proper amount and much diflaculty of construction Tje thereby 
avoided. 
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n. To FIND THE LAP OF THE TALVE. 

Prom 6) atod df^ lay off the mid-gear lead opening of f 
inch towards A, and permanently locate the positions thus 
found by sweeping about the centre A a second circle I V. 
But since the mid-gear travel invariably equals the sum of 
the laps plus the mid-gear lead openings, the diameter of 
the circle I V will equal the sum of the laps, consequently, 
the simple lap of the valve must equal its radius A Z or A V^ 
Fig. 32. 

The following Table wiU aid the designer in the selec- 
tion of a suitable lead opening after the mid-gear travel has 
been determined. For since the value of the lead angle 
may range between about 30° and 40°, the widths of the 
openings will be those found in the Table. Of course much 
latitude is here allowed to the exercise of individual judg* 
ment, for the subject demands it. Observe, the larger trav* 
els are only foimd on marine engines : 

MID-GEAR DIMENSIONS. 



Mid-gear Traya 


LEAD OPENING FOR A LEAD ANGLE OF— 


$0°. 


3S\ 


jfiP. 


I inch. 


i inch. 


j\ inch. 


\ inch. 


I^ " 




1 u 


5 « 


2 « 


\ " 


3 U 


7 « 
Iff 


*i " 


1% " 


7 <« 
Iff 


' 


h " 


3 " 


1 " 


u 


_ 


.1 « 


3^ " 




6 « 




3 « 


4 « 


1 « 


U " 




5 « 



ni. To FIKD POSITION OF THE STUD FOB EQUAL CUT-OFFS 
AT THE \ STROKE OP THE PISTON. 

Place the template in position No. 3, with its eccentric 
pins on the forward J-stroke elements \f \ 6, and its link 
arc in contact with the lap or cnt-off point I. Then mark 
upon the paper the position/ S occupied by its central line 
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together with a portion of the link arc. Next, place the 
template in the position No. 4, with its pins on the arcs/ J, 
b i and link arc over the other cut-off point ?, after which 
mark on the paper the second position, / S', of the link cen- 
tre line. Having decided to suspend the link centrally, the 
point of suspension must be found on the line^ S, and con- 
sidering the manner in which it hangs from the tumbling 
shaft it is evident that for a short distance the stud will 
practically move along some straight line cc parallel to the 
central line of motion. The point of suspension therefore 
must reside in the central lines J S, / S', must* be equally 
remote from the link arcs and at such a distance that a line 
drawn through the two points will prove parallel to the cen- 
tral line of motion. The only two positions satisfying such 
conditions are S and S', found by trial distances laid off 
with a pair of dividers from the two link arcs. Having se- 
cured the proper distance for the stud, fix it permanently, 
by making a V incision in the link template ; for as our 
subsequent study of the link will be intimately associated 
with the motion of this point, it is important to be able to 
mark its position for other gears of the link. 

The inequality of the crank angles for different positions 
of the piston attains its maximum value at the I stroke and 
gradually fades out at the extremities, and since we have 
equalized the cut-off for the J stroke, it only remains to per- 
form the same ofSce for the maximum cut-off before we 
practically equalize the motion for all intermediate gears 
between the full and mid gears. Our next step, therefore, 
will be to return to Fig. 29 and map on it the four positions 
of the eccentrics for the maximum cut-off. The third col- 
umn of the Angular Advance Table gives the maximum 
cut-off angle for the return stroke, which in the present in- 
stance=148°, and the Stroke Table shows that the forward 
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stroke angle is 4J° less than the return, 'or=143f''. With 
these angles known, the four positions for the maximum 
cut-off msLj M readily laid off with a protractor, but the 
nature of the case enables us to present a more rapid solu- 
tion. From C F (Fig. 83).lay off an angle of 143f^ This 

Fio. 88. 
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locates the forward eccentric position 0.93/' in the forward 
stroke. On the return stroke the same eccentric will be 
found at the old point b. Take the distance 0.9^^ from /, 
in a pair of dividers and lay it off from b in order to find 
0.92&. In like manner take that from/ to B and lay it off 
from B, giving thereby b 0.92 the last one of the four maxi- 
mum cut-off points sought. With these points as centres 
and the length of the eccentric rod as radius sweep indefi- 
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iiite arcs (as shown in Figure 34), on which the link tem- 
plate may travel in the fall gear.. 

IV. To LOCATE THE TUMBLING SHAFT FOR ACCOMPLISH- 
ING AN EQUALIZED CUT-OFF IN ALL GEARS. 

Slide the link template with its eccentric rod pins on the 
elements 0.92/; 0.92 6, until its link arc comes in contact 
with the lap or cut-off point I (position No. 5) and mark the 
point S* occupied hy the stud. 

Again, slide the template on the return stroke elements 
/0.92 ; h 0.92 until its link arc is in contact with the other 
lap point y, and mark the stud position S'. Join the points 
S* S' by a line & (f, which is found to have an inclination to 
the central line of motion of about 5° instead of parallel- 
ism* as with c c. 

By projecting the eccentric position points to the oppo- 
site side of their circle, sweeping indefinite elementary arcs 
with the eccentric rod as radius, and applying to them the 
link template, a corresponding set of stud locations S*, S*, 
S% S' (Pig. 35) may be found for equal cut-off in the back 
gear. But such efforts are uncalled for in the class of mo^ 
tions just described, because their back motion will be a 
precise counterpart of their forward motion, consequently 
^he latter may be reproduced from the former, as in Fig- 
ure 35. 

Having thus determined 8 positions of the centre of sus- 
pension for equal J strokes and maximum cut-offs, it only 
remains to sustain the hanger in such a manner that for the 
different elevations it will sweep arcs passing through all 
of these points. Arcs of intersection formed with an as- 
sumed length of hanger as radius and these points as cen- 

♦ ParaUelism might be secured by moving the stud S to within a distance t 
of the link arc (see Fig. W), but such a change would destroy the equality of 
the i stroke cutoflb. 
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tres will locate the points h and h\ and in like manner the 
tumbling shaft arm will determine its centre of shaft T.* 

V. To Fim) THE LEAD OF THE FOBWARD Al^D EETUKN 
8TB0KES IN THE FULL GEAB. 

Having swept with the hanger an arc c* c* (Fig. 36) upon 
which the stud travels in the foil gear of the link, slide the 
template on the forward lead elements F, B, until its stud 
lies at S' in the full gear arc (f c% and mark the point d in 
which the link arc then intersects the central line of motion. 

In like manner slide the template on the return stroke 
elements/, 6, and mark the intersection d^. f 

The distances of these points from the lap circle wiU 
equal their respective leads. Thus in the forward stroke 
the lead equals I din the full gear, but Id! in the mid gear ; 
while V d^ equals the lead opening of the fuU gear return 
stroke, but V d^ of its mid gear. In the present case both 
mid-gear leads were, made equal to each other. Their slight 
variation in the fuU gear has absolutely no eflFect on the 
motion. 

VI. EXTBEME TBAVEL AITO SLIP OF THE LIITK. 

Referring to Fig. 34 we observe that the forward eccen- 
tric attains the extreme points of its throw at D and E on 
the central line of motion at which times the backing 
eccentric occupies the positions T and U. [The latter 
points may be laid off from D and E with a pair of divi- 
ders set to the distance F 5.] By sweeping the elementary 
arcs of the eccentric rod pins for these points and adjusting 
the template thereto, we obtain the positions Nos. 9 and 10 

♦ If the ratio of crank to connecting rod had been that of 1 : 5 or 6, the lines 
c* c*, c* (^ would have had a greater inclination to the central line of motion, 
thereby removing h and h^ to A* and h^, and depressing the shaft to some im- 
practicable point T', where it would have been brought in contact with the for- 
ward eccentric rod when the link was in the back gear. The proper a4Jo«tr 
ment for such a case will shortly receive our attention. 
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(Fig. 37) and are aT)le to mark the extreme points. Q, jp, of 
the rocker arc which are separated by a horizontal distance 
eqnal to the extreme travel. 

For position No. 8 the fixed point m on the template 
attains its maximum elevation above the link arc, and now, 
at the extreme throw, its greatest depression below that arc. 
The maximum slip will consequently equal the distance 
from p to on the link arc. This slip grows less and less 
the nearer the stud approaches the rocker pin, and if the 
intention should be to use the link principally in the J 
gear this amount of slip would not prove detrimental. 



MOPIFIOATIOIfS. 

We have thus fer, as concisely as possible, presented a 
geometric method for determining the proportions of all 
link motions, similar to those illustrated in Fig. 22. But 
its application cannot be considered universal^ until certaiu 
expedients are explained, by which some of the results may 
be varied at wiU and also the motion corrected, when the 
ratio of crank to connecting rod is other than that of 1 : 7J. 



I. How TO EEDUCE THE SLIP. 

In the link motion of Fig. 37 the greatest slip occurs in 
the full gear and the least in the mid gear. Now it fre- 
quently happens that after designing a motion the maximum 
slip is too great for practical purposes and the query arises : 
what change should be made for effecting its reduction ? 

There are four varieties of alterations capable of accom- 
plishing this objectj which we will here mention in the order 
of their relative eflBciency. 
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1st. Increase the Angular Advance. 
2d. Meduce the Travel. 
3d. Increase the length of the Idnk. 
4th. Shorten the Eccentric Mods. 

Any one or more of these agencies may be employed at 
the discretion of the designer and a more perfect motion be 
produced. Thus we could diminish the slip to ^ of its pres- 
ent value, by either increasing the angular advance to 30°, 
or by reducing the travel to 4 inches. Of course any such 
change involves an entire reconstruction of the motion in 
accordance with the principles already explained, 

II. How THE SLIP MAY BE MSTRIBUTED. 

Referring to Fig. 24 we observe that the general tendency 
of the fixed point m is to move in an arc the reverse of that 
pertaining to the rocker pin, while n traverses one more or 
less parallel. The maximum slip of the forward gear con- 
sequently exceeds that of the back gear. These quantities 
can be equalized in great measure by placing the stud, not on 
the central line/ S between/ and Jbut, upon some parallel 
line nearer to/ than to 6, usually from 2 to 2i^ inches above y 
S. In such case the proper location for the stud is found 
by first drawing such a suspension line upon the link tem- 
. plate, then sliding the template to the positions Nos. 3, 4, 
6 and 6 for the forward motion, and locating the Une in 
question at each of these positions. Make similar locations 
(found with the proper arcs) for the back motion. Finally 
locate the stud for the full gear forward in such a manner 
that the line c^ c^ joining its points shall be parallel to the 
central line of motion. Two or three trials may be neces- 
sary before a suitable, height for the suspension line above 
y S is obtained. This mode of suspension is frequently 
adopted on locomotive link motions. 

On the other hand, where no importance is attached to 
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the accuracy of the back motion, the dip may be greatly 
diminished by inclining the rocker arms to each oth^r (Fig. 
28) so that the arc r r of the pin shall, instead of preserving 
a state of tangency to the central line of motion, intersect it 
in a similar manner to the path of the point m^ Fig. 24. 
This method can be employed wifli advantage in designing 
marine link motions. 

III. Short connecttn'g bods. 

If the ratio of crank to connecting rod had been assumed 
at 1 : 4^ instead of 7J, the position of the stud S found as 
before for equalized cut-off at the \ stroke, and the template 
slid to the positions 5 and 6, the change would have im- 
pressed on the line c^ c^ an inclination of 18° (instead of 5°) 
to the central line of motion. This would have rendered it 
impossible to equalize the motion in the ordinary way for 
more than one direction of the crank, without bringing the 
tumbling shaft and eccentric rods in conflict. But if the 
aim be simply to equalize the forward without regard to the 
back motion — a tery comToon practice— no special difficulty 
will be experienced in hanging the tumbling shaft to even 
this case, for the point A^, Fig. 35, would then be left out 
of the account. 

There exists, however, a method of equalization which cor- 
rects the difficulty for both the forward and the back gears. 
It is clear that the tumbling shaft is employed most conven- 
iently and successfully, Vhen it sustains the hanger in such 
a manner as to guide its mbrations in arcs practically par- 
allel to the central line of raotion. Hence if we wish the* 
link to conform with this condition it will be necessary to 
raise the template from position No. 6 of Fig. 34 to No. 11 
of Fig. 38 in which the line c^ c^ becomes parallel to the 
central line of motion. This elevation moves the lap point 
Viol^ giving thereby a smaller lap circle I P from which to 
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determine the lap, and at the same time increasing the lead 
opening of the return stroke. The position A of the rocker 
is thereby carried to a point a more remote from the shafts 
and the lead 6pening of the return stroke in the mid gear 
becomes greater than that for the forward gear. But we 
have already seen that whatever inequalities of lead open- 
ing may arise in the full gear, none can be tolerated in the 
mid gear. Nor is there an occasion for their existence, be- 
cause the link arc may be struck with a shorter radius 
than the distance from the shaft to the rocker and all such 
inequalities be entirely eliminated. 

Take in a pair of compasses, the radius A dl of the mid- 
gear travel and strike the circle d^ d^ about the new 
position a of the rocker. To this the link arc must be 
tangent when the template is placed at the mid-gear position 
No. 1 and 2. Bring the template to position No. 2, mark 
the fixed points m and n of the full gears on the paper, and 
then search for a radius, having its centre in the central line 
of motion, whose arc shall embrace the three points 
m^ d^^ n. 

In the present extreme case the radius equals 41J" 
against 49J" employed with the ratio of 1 : 7J. The two 
little cuts V and Z, Fig. 39, illustrate the character of the 
lead openings before and after the change of the link arc 
radius. 

Having thus determined the true radius for the link arc 
a new template should be constructed, and all the locations 
taade which are appropriate to the template positions Nos. 
1, 2, 3, 4, 6, 6, 7, 8, 9, 10, under the new conditions, just as 
though no previous investigation had taken place. 

The result will be a motion capable of ready suspension 
from a tumbling shaft, with perfectly equalized cut-offs, 
with port openings varying to a slight extent in the'fall 
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gears but precisely equal in the mid gear, with a forward 
stroke lead opening increasing from I d (Fig. Z) in the full 
to Z c?* in the mid gear, ani with a return stroke lead, oi)en- 
ing gradually from l^ d^ in the fall \ol^ d^ isi the mid gear. 
Both these lead openings will bfe exactly equal to each other 
in the latter gear. It will be observed that all the inequal- 
ities of the motion are thus brought in the fall gears, the 
very position where their influence is the least injurious. 

Of course it is not pretended that great inequalities of 
I)ort openings are admissible in the fuU gears, imless the 
smallest of these openings shaU exceed the 0.6 or 0.9 area 
(mentioned on page 23), in which case the magnitude of 
their diflference becomes a matter of little importance, be- 
cause the wide opening wiU then admit no more steam than 
the narrow. But since the 0.6 or 0.9 area must be reached 
before the mid gear is attained, where the areas become 
equal, it is desirable to have as little irregularity in the 
other openings as possible. 

In reference to the lead oi)ening, it is not unusual in lo- 
comotive "stationary-link" motions to give a constant 
lead of I inch, where one increasing from ^"1" or an J" in the 
fall gear to §" in the mid, would be employed under like 
circumstances 'for a shifting link motion, and so far as can 
be discovered both motions are productive of equally gopd 
results. Hence we fail to perceive the force of objections 
so frequently urged against a slightly irregular lead, but 
believe that within proper limits resort should be had to 
this Tnost efficient mean^ for correcting the inequalities due 
to a short connecting rod. The recommendation, however, 
must be qualified for marine engines, whose more massive 
reciprocating parts require equal admissions for bringing 
them smoothly to a state of rest at the extremities of the 
Btroke. For all such it is better to equalize the lead open- 
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ings, at least in the full gear, and as far as practicable the 
cut-offs for the same, paying bnt little attention to the back 
gear. 

It has doubtless been observed that throughout the pre 
vious investigation no allusion has been made to the equal- 
ity of the exhaust closure, and no direct effort put forth for 
its conservation. The omission was intentional, simply be- 
cause the very process of equalizing the cut-off incidentally 
accomplished this object. In proof of vrhich, it is only ne- 
cessary to consider that the neutral position (A) or exhaust- 
closure point lies exacUy midway between the cut-off points 
Z, ?, so that if the motion be corrected for the latter when 
these are near each other, it must become practically per- 
fect for the former. But if the maximum cut-off should 
take place at about the | stroke of the piston, the lap points 
I and V would be widely separated, and probably give rise 
to a marked inequality of the exhaust closure at the mid 
gear. Since irregularities of closure and release produce a 
greater impression on the motion when they occur at the 
mid rather than at the fuU gear of the link, and since it is 
possible by means of inside lap and clearance to correct 
them for either of these gears, it will be weU to determine 
the extent of the inequality for the mid gear^ and regulate 
accordingly the position of the exhaust chamber with ref- 
erence to the edges of the valve. To determine this correc- 
tion, bring the link template to one set of the half-stroke 
elements (Fig. 32) and slide it thereon until the link arc 
stands over the exhaust-closure point A (or a, as the case 
may be). Mark the position of the stud S, and through 
this point draw a line parallel to the central line of motion. 
Next move the template on the other set of \ stroke ele- 
ments until the stud reaches the line just determined. 
Mark the point in which the link arc now intersects the cen- 
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tial line of motion, and measnre the distance of doc^jfillfr- 
section from A. The required correction will be J ^^u 
quantity. If the point falls on the forward side of the 
valve stroke it indicates that the exhanst chamber must be 
moved bodily this amount towards the forward edge F (Fig. 
11) ; but if on the back, towards the back edge N. 

IV. EcOEin^EIO EOD PII^S BACK OF LIIS^K ABC. 

Judging from the frequency with whicfi mistakes are 
made in the location of the eccentric rod pins, one is apt to 
conclude that most Designers regard their arrangement as 
a mere, matter of caprice, and as having little or no bearing 
on the symmetry of the motion. This, however, is by no 
means the case, for each combination has its own appropri- 
ate method of attachment. A connection of the pins hack 
of the link arc is best suited to a motion like that of Fig. 22, 
because it tends to hasten the speed of the rocker pin in the 
forward stroke, an object usually accomplished by raising 
the link at the expense of slip. 

The upper part of Fig. 34 has been reproduced in Fig. 
40 for the purpose of explaining this peculiarity of link 
No. 1. By erecting perpendiculars to the central line of 
motion through the cut-off points Z, ?, and by measuring 
from the same line, the respective distances of the eccentric 
rod pin/, for the 0.92 cut-off elemehts, we discover that the 
forward stroke distance T is much less than the return 
stroke R, and that if T was equal to R the rocker pin 
would be carried heyoTid Z, thereby delaying the cut-off of 
the forward stroke which now it hastens. In reality the 
slip is avoided by elevating the eccentric rod pin instead of 
the link arc. The advantage gained by this feature is very 
great, for while it tends to equalize the motion it reduces 
the slip of the link and renders easy the work of suspension 
from a tumbling shaft. 



Digitized by 



Googk 



126 



MODIFICATIONS. 



In locomotive practice the distance of the pintf remoral 
from the arc varies "between 2J and 3 inches. For marine 
work the limits are, in general terms, donble these quan- 
tities. 

Fio. 40. 




The principal fact to be borne in mind is that, within 
suitable limits, the greater this distance the rrwre readily 
can the motion be equalized. 

From the foregoing we perceive that Link No. 1 is ap- 
propriate to a motion requiring acceleration for any cut-off 
point beyond the neutral position A, and having its small- 
est crank angles laid off between the link and cerdre of the 
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main shaft (as in Fig. 29). The four typical forms of such 
motions are here presented with a suitable arrangement of 
the parts, when the link is dropped in the fuU gear forward, 
for a positive motion of the crank. But if a negative mo- 
tion be demanded, it is onl^ necessary to transpose the en- 
tire motion so that the cylinder comes on the opposite sid^ 
of the shaft, in other words to take the power off the oppo- 
site extremity of the shaft after first turning the engine end 
for end.' 

It was remarked (page 67) tiat the crank angles of a 
hack-action engine are invariably the renerse of those com- 
mon to one of direct action ; hence, if we wish to preserve 
the identity of the motion in laying off a figure like 29 for 
such an engine, it will be necessary to locate the initial po- 
sitions P and B of the eccentrics opposite to those proper 
for a direct action, and apply thereto either of the two 
schemes offered in the Diagram. 



EXAMPLE. 

The following dimensions have been taken from a most 
successful freight engine; their application will serve to 
familiarize the student with the principles of the foregoing 
method : 6 driving wheels, 67 inches diameter. Outside 
cylinders, 18 inches x 22 inches. Connecting rods 86 inches 
in length. Ports 16" in length ; steam, If" wide ; exhaust, 
8". Diameter of eccentric circle=6 inches. Maximum 
cut-off=0.8 of stroke. Mid gear lead=^\ inch. Rocker 
from shaft=65J inches. Length of rocker arms=9 inches, 
c. to c. of eccentric pins;=13 inches. Tumbling shaft arm= 
18 inches. Hang«r=13^ inches. Pin^ back of arc=3|: 
inches. 

Mequired.—'R^m.^ of link, distance of point of sus- 
pension back of link arc, lap of valve, fall gear lead, and 
location of the tumbling shaft. 
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Commonly known as the "Open link," is specially 
adapted to cases in which the link acts directly on the valve 

stem without the intervention of 
a rocker, as peculiar to British 
practice. It differs from No. 1 in 
the location of its eccentric rod 
pins. These, instead of occupy- 
ing stations hack of the link arc, 
reside at i)oints / and h beyond 
the extreme positions, m and n 
of the link block. They conse- 
quently move a greater distance 
than the latter points, and in 
order to preserve the same travel 
of valve the eccentric circle must 
be enlarged. 

In locomotive practice the dis- 
tance between eccentric rod pins 
/ and h varies from 16" to 20". 
The diameter of the eccentric circle varies from 5J to 7 
inches, and the working points m and n usually about 3" 
from the pins. The template for this form of link is illus- 
trated by Mg. 41. 

This link No. 2 is specially adapted to a motion re- 
quiring acceleration for any cut-off point beyond the neu- 
tral position A, and having its greatest crank angles laid 
off between the link and centre of the main shaft. It wiU 
be remembered that with Link No. 1 (Fig. 40) the srriallest 
crank angles occupied such a station, and the eccentric pin 
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was elevated to the position/, making the distance T less 
than R. If, however, the greatest crank angles had occn- 
pied this position, the element/ wonld have been removed 



Fio. 41. 




to some line/* nearer the shaft, while the link wonld have 
been depressed and slip increased in the endeavor to make 
T=R. But the equality of these terms is established when 
the link arc passes through the centres of the eccentric rod 
pins ; hence, a " Box Link," having its pins over the work- 
ing points m and 7i, will be found better adapted to this 
position than link No. 1, yet it only supplants the more 
readily-constructed o^tl link, when it becomes important 
to retain the throw of the eccentric at its lowest limit. 
As with link TSo. 1, so with No. 3, there are four 
9 
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sohemea to which the motion is peculiarly applicable* 
These are given in the accompanying Diagram for the posi* 
tive motion of direct and bfi^k-action Engines. As hereto- 
fore explained, their negative motion may be obtaiaed by 
transposing the cylinder and link motion to the opposite 
side of the main shaft and taking off the power from the 
other extremity of tjia saiiie« When, therefore, it has been 
decided that an engine shall have a direct or back-action 
arrangement of the connecting rod, the link to act throngh 
or withont a rocker on its valve, and its forward motion to 
be positive or negative, then an appropriate arrangement 
of the link can be at once selected from these two diagrams, 
and the side of the shaft determined, on which the cylinder 
should be placed, to secure the desired crank motion when 
the link is dropped in the faU gear forward. 

It should be obs^red here, that the lower part of the 
link is never used in a horizontal engine to impart a forward 
motion because the weight of the overhanging or sustained 
parts tends to render the motion unsteady. 



COIfSTEUOTIOIy}". 

To find approximately the throw of the eccentrics and 
their angular advance for a given travel of the valve, length 
of link and position of the working point. 

Describe about any point (Fig. 42) on a vertical line F 
R a semi-circle B H with a diameter equal to the proposed 
travel of the valve ; from C lay off C P, the extreme dis- 
tance of the working point from the eccentric pin, also C S 
the i length of the link. With S as a centre describe the 
arcs C /, P m, and h R. Suppose now the cut-off muest 
take place at 0.78 of the stroke, then from the Travel Spale 
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iwe learn that the trial angular advance shonld he 28°. Lay 
oflr C B 28° from F C and produce the line D B passing 



-- AM unAnecMPMr^ 




throngh the point of intersection B parallel to P R. Strike 
a trial eccentric circle JFK about the centre 0. Take the 
distance between its two intersections D and P in a pair of 
dividers and lay it off ttoice from G, giving the point K. 
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ThroBgli K draw a line parallel to C B and determine its 
intersection & with the arc E h. Draw a right line through 
h and the extreme travel point m. If now/ should be 
found in the tangent line through j to the eccentric circle^ 
it would prove that the diameter of this circle had been 
assumed correctly. But if it falls vytthmbt the assumed 
circle, this diameter must be increased. Conversely any 
point within requires a diminution of the same. Thus the 
point e indicates that the diameter of its circle j gk has 
been assumed too large. 

Having secured the correct diameter of the eccentric 
circle, join the points D and C by a right line and measure 
its inclination to the line F B. We thus obtain 19° the 
true angular advance of the eccentric for accomplishing 
the desired cut-oflf. The principle involved in this construc- 
tion is that when one eccentric produces its extreme throw D 
(Pig. 33) the other will be separated from its like position E 
by the horizontal distance of T, which always equals dovhle 
the angular advance. Although this construction does not 
claim strict accuracy, it will be found to answer all practi- 
cal purposes. 



APPLICATIOI^ OF LmK ^O. II. 

For illustrating the process of manipulation peculiar to 
this form of link, we will assume the following terms : 
Crank and rod ratio =1 : 6 J. 
Cut-off at 0.8 of the stroke. 
Travel of valve =4f inches. 
Valve stem frpm shaft =5 ft. 
Distance between eccentric rod pins=18''. 
Extreme working points, 3" from pins. 
Mid-gear lead opening=| inch. 
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APPLICATION OF LIBTK NO. II 133 

By a constiTLction like that of Fig. 42, an angalar ad'- 
vancex)f about le"" and eccentric circle of 6f inches diameter 
are found to conform with the above conditions. If now 
the connecting rod and link motion act directly on the piston 
and valve the initial position of the motion will be that pre- 
sented in the first Figure of the applications, and the 
four starting points F, B, /, ft, together with the four \ stroke 
points of the eccentric circle, may be mapped in a similar 
manner to Fig. 29 ; while the four 0.8 cut-off points should 
be laid off by means of a protractor from the lines F C, B 
C,/C, and & C. 

Having mapped these twelve important positions and 
constructed ^, template like Fig. 41 the next step will be to 
follow the joumeyings of the link arc and locate the tum- 
bling shaft in a manner precisely analogous to that pursued 
with Link No. 1 : 



Knd 



1st. The mid-gear travel=(? df^. 
2d. The lap A Z for a given mid-gear lead. 
3d. The position of the stud for equal \ stroke 
cut-offs of the piston. 



This form of link is more generally suspended from the 
upper eccentric rod pin than from a point midway between 
the two, and has the tumbling shaft helow the central line 
.of motion ; but by marking the various locations of both 
pins, as well as the centre line y, we will be able to select 
the most appropriate of the three susi)ensions. 

Let us follow first the central suspension. We find that 
by locating the stud on the arc, the line c c of its motion, 
for the \ stroke cut-off, becomes parallel to the central line 
of motion, a condition suited to ready suspension. But on 
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134 APPLICATION OF LINK NO. II. 

dropping the template to the ftill gear cut-offs the stad as- 
sumes the positions S* S^, Fig. 43, whose line c^ c* has so 
great an inclination to the central line of motion, that it 
would be next to impossible to successfully hang it from a 
tumbling shaft and accomplish eqtuil cut-offs ta all gears. 
We must consequently resort to a change of link arc radius 
and unequal fuU gear leads (as in Figs. 38 and 39) in order 
to establish perfect equality. To do this, raise the link arc 
so that the sjud shaU occupy a location S"*^ thereby bringing 
(f (f more nearly to a state of parallelism with the central 
line of motion. Mark P the new lap point ; strike a new 
lap circle I V with neutral position a, nearer to the main 
shaft, and about this point describe the mid-gear travel cir- 
cle giving new points d* S* through which the link arc must 
I)ass for the mid gear. Bring the template to position No. 
2, as in Fig. 31, mark the eccentric pin points/ and & ; then 
search for a radius whose arc shall pass through the three 
points/, e?, ft. This radius will always prove greater than 
the distance from the centre of the shaft to the neutral po- 
sition A instead of Uss^ as found with Link No. 1. 

Having obtained a correct link arc, cut out a new tem- 
plate like Fig. 41 to represent it, and reconstruct the entire 
motion. The new radius wUl equal 5 ft. 7". The corrected 
lap=l^V inches. The lead for the forward stroke, iacreases 
from J. to I in the mid gear, and from ^ to | for the return 
stroke. The lines of suspension pin motion c, c', &y (f may 
converge, as in the present instance, towards some point 
beyond the link. In such case the tumbling shaft should 
be placed on the side of the convergence. 

If, however, the link is suspended by the upper eccen- 
tric rod pin, the forward, gear paths of the suspension pin 
motion will be represented by the lines *, Ti\ and the turn* 
bling shaft will lie below the central line of motion ; but for 



Digitized by 



Googk 



r 



Forward. Stroke 
Central Line of Motion. 




FIGURE 43 



Digitized by 



Google 




'. S J, T 



Digitized by 



Google 



APPLICATION OF LINK NO. II. 135 

the lower eccentric rod pin, the lines will become e, e\ e', 
and its tumbling shaft will stand above this line. 

The judgment of the designer will in every case decide 
to what extent the lead openings should vary in the full 
gears, what inequalities of cut-oflT are admissible, and 
whether or not the motion should be equalized simply for 
the forward without regard to the back gear. 



While attempting to analyze the peculiarities of various 
existing link motions, the investigator usually finds that 
among other dimensions, only the lap and mid gear lead 
are given, and that no allusion is made to the angular 
advance, or to the maximum cut-off. To solve such cases, 
he is compelled to work the problem as it were, l>ackward&. 
On the central line of motion he plots the lap and lead, as 
on Fig. 32, places the template in the Nos. 1 and 2 positions, 
as in Fig. 31, then with the length of the eccentric rod as a 
radius and the positions of the eccentric pins as centres, 
strikes in the direction of the shaft indefinite arcs, whose 
intersections with the eccentric circle give the points F, B, 
f, b, (equi-distant from the central line of motion) and 
from these the desired angular advance can readily be 
measured. 
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BOX LINK. 



Although the mechanical constrac- 
tion of this form of link is rather more 
difiS^cult than that of No. 2, it senres 
the part of a good substltate when a 
short throw of the eccentric is required ; 
for with it the maximum travel of the 
valve always approximately equals the 
diameter of the eccentric ciifcle. 

At times the box link can be em- 
ployed in positions appropriate to link 
No. 1, but very rarely with those good 
resvUs in respect to minimum slip 
which obtain with the former motion. 
On such occasions the stud usually lies 
at some point heycmd the link arc, de- 
termined by placing the link in the \ 
stroke cut-off positions, Nos. 3 and 4, 

and plotting the centre line/ as in Fig. 32. 

When, however, the box link is used in place of Link 

No. 2, the centre of suspension S generally falls within the 

link arc, or between it and the main shaft. 

The construction of these links varies ; in some instances 

the ribs are formed on the iDside as represented, while in 

others, they are cast on the sliding block and overlap the 

link plates. 




Digitized by 



Googk 



STATIONARY LINK. 



This form of connection between the valve and eccen- 
trics is specially applicable to those circumstances in which 
the former requires no rocker. The mutual relation of 
the parts will be clearly perceived from an examination 
of Fig. 44 which illustrates one of the most successful 
methods of suspension. * The eccentrics stand in their usual 
location for a direct action motion. The main link is hung 
from a fixed point by a short bar called the " suspending 
link" and the link block connected with the valve stem 
through the * ' Radius Rod ^^ md). By means of a reversing 
combination the block may be carried to any point between m 
the fall gear forward and n the full gear back. But since the 
link arc is always struck with a radius equal to the length of 
the rod m d\ having its centre at dJ and d^ in the central line 
of motion, when the crank occupies the zero or 180° location, 
it must be evident that the block can be moved from one 
fuU gear to the other without altering the position of the 
points W or ^, consequently the lead opening will remain con- 
stard throughout the motion, the same as in Pig. 17. Now 
it has been invariably the custom to simply define a station- 
ary link motion as ''one in which the lead is constard^^ 

* For oonvenienoe of observation, the cross sections of tile valve and seat 
have been revolved to a plane at right angles to their true position. 
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138 8TATI0NABT LINK. 

leaving it to be inferred that the angular withdrawal of the 
crank from its zero position at the moment of pre-admission 
must also be a coristaTd quantity, whereas in reality this 
lead angle increases just as much for a stationary link 
motion as for a shifting one. The only difference between 
the two is that the lead opening of the stationary link 
motion is more ample and the angle slightly greater, for all 
except the mid gear, than with the shifting link motion. 
But this distinction has been so clearly drawn ia Part IIL 
that further remark can scarcely be necessary. Unlike the 
shifting link motion, however, the lead opening is not 
dependent on the arrangement of the eccentric rods, for 
these may either be crossed or opened without altering the 
result. But for the purpose of meeting the other conditions 
of the motion an arrangement like Fig. 44 should be 
adopted. 

As a general thing more attention is paid to the equali- 
zation of the cut-off and reduction of the slip in the forward 
than in the back gear. For the accomplishment of this 
object, the centre of the link should be dropped helow the 
central line of motion, the angular advance of the backing 
eccentric slightly reduced and the backing eccentric rod 
lengthened. 

The simplest method by which the student can obtain a 
clear idea of the action of the parts, in a stationary link 
motion, will be for him to take the dimensions of some suc- 
cessful motion, cut out a proper template for the link and 
trace its joumeyings throughout the different gears in con- 
formity with principles already laid down for the shifting 
link motion. ' 

The following dimensions (in absence of others) wiU 
answer such a purpose : 
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STATIONAET LINK. 139 

Diameter of piston=18 inches. 

StTOke=24" ; Connecting rod=91". 

Ratio=l : 7J. Throw of eccentrics=2f ". 

Forward eccentric angular adv. =27^°. Rod=57|". 

Backing eccentric angular adv. =26°. Rod ==58". 

Eccentric rod pins 12 J" apart^ 3" back of arc. 

Centre of stilspension 1^" "back of arc, 1 J" below line. 

Radius rod=37", Reversing link=lli", Hanger=9". 

Tumbling shaft arm = 18". Reversing pin 8" back of arc. 

Lead=f' , Steam port =2", Exhaust=3i". 

Maximum travel about 4| inches. 

The Stationary Link is seldom found in American 
practice from the feet that all modem locomotives are built 
with steam chests on top of their cylinders, instead of at 
the side. On stationary engines, the link and governor are 
occasionally used conjointly ; in such instances the station- 
ary link will be found best adapted to the requirements of 
the case, because its radius rod imposes a far lighter duty 
upon the balls of the governor, than the shifting link with 
its rods, hanger, and additional friction of eccentric straps. 
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ALLAN LINK MOTION. 



The discovery of this motion was a natural sequence to the 
invention of the shifting and stationary links. By it a com- 
promise has been eflTected between the leading'features of both 
motions, resulting in a more direct action and perfect balance 
of the x>arts together with a reduced slip of the link block. 
One mode of suspension, for the link in the fall gear forward, 
appears in Pig. 45, in which the cross sections of the valve 
and its seat have been revolved for the purpose of more 
plainly exhibiting their relative positions. The locations of 
the point of suspension and attachments of the eccentric 
rod pins upon or back of the link arc are quite as variable 
for this, as for the shifting link motion ; and the requirements 
of the other detaUs generally indicate whether the reversing 
shaft should be placed above or below the central line of 
motion. 

In proportioning the parts, the main object is to move 
the link and radius rod (when the crank stands at the zero 
or 180° locations) in such a manner that the link arcs 
peculiar to each motion shall always be tangent io each 
other. In this case aU the locations of the link block wiU 
be found in one and the same slraight line. This peculiar- 
ity has given rise to the title " Straight link'' motion 
expressive of the form of the link. 
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The radius rod and main link are supported hy rods 
from the reversing shaft arms, and the inequality in the 
lengths of the latter, which is essential to a proper suspen- 
sion of the parts, incidentally tends to equalize the weights 
resting on the opposite sides of the reversing shafts thus 
greatly &cilitating a change of the motion from one fall 
gear to the other. 

Well-schemed motions of this type practically preserve 
the characteristic feature of the stationary link, viz., a con- 
stant lead ; yet from the nature of the case they possess at 
times slight inequalities in one or both of the full gears. 
These, however, are quite insignificant for a relatively long 
radius rod and short travel. 

The ratio between the long and short arms of the re- 
versing shaft may be readily determined for any given 
travel, angular advance, length of eccentric rods, link and 
radius rod, by placing the template in the No. 1 and 2 posi- 
tions (Fig. 31), marking the mid-gear travel d! ^, sweeping 
indefinite arcs through these points with the radius rod, and 
drawing down the template, or centre of suspension, fipom S 
to S* until its straight line intersects these arcs in points m, 
m'. Then map the radius rod mdl^m* c!^ giving the points 
tt, u^ of the reversing rod pin above the central line of mo- 
tion. The centre I of the link arm pin must fall as much 
below the horizontal line through the reversing shaft E as 
S' does below S. In like manner the pin h of the other 
arm must rise as far above the horizontal as u does above 
the central line of motion. Finally, draw I hot length suf- 
ficient to accommodate the details of the shaft, and we have 
at once the proper dimensions for the reversing shaft arms. 

It should be observed that the tendency of m* is to drop 
below m and thus distort the motion, but this will be ob- 
viated if the two are brought into one horizontal line ivter^ 
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mediate between such stations. The change will result in a 
sUgJiMy increasing lead, as is common with the shifting 
link motion. 

The following dimensions can "be employed for an inves- 
tigation of this class of motions : 

Diameter of cylinder=16". 
Stroke=24'' ; Connecting rod=87" ; Eatio=l : 1\. 
Throw of eccentric=2i" ; Angular advance=26^. 
Eccentric rod8= 39 J inches. 
Badius rod=47", connected T^ hack of link. 
Box link, suspended by stud at centre with eccentric 
rod pins 10" apart. 

Suspending rods both 18 ' long. 
Eeversing lever, long arm =6". 
Reversing lever, short ann=2i". 
Mid-gear lead = J inch. 
Steam port=li" ; Exhaust=2f . 



If the examiner desires to analyze any stationary or 
straight link motion already constructed, having a given 
lap and lead but no specified angular advance, he should 
work the problem backwardSy as follows : First locate the 
four cardinal points eP, Z, ?, cT, and sweep their arcs with 
the radius rod ; then place the link in the positions I^os. 1 
and 2, with the positions of the eccentric rod pins as centres 
and the length of the eccentric rod as a radius, sweep the 
four arcs, which must contain the points F, B, f, b, and 
describe through them the given eccentric circle, in such 
a manner that aU the points of intersection will lie equally 
remote from the central line of motion. With these initial 
points determined, the investigation can proceed on the 
principles already explained. 
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This device groups two perfectly distinct motions— the 
one derived from a single eccentric, the other from the cross- 
head of the piston rod— in such a manner that their 
combined eflfect is, when the parts are well proportioned, 
quite analogous to the motion obtained from the stationary 
link. From the nature of the coni^ection between the cross- 
head and the valve-stem, the motion can be more readily 
applied to an outride cylinder engine than to an inside one. 

The eccentric usually assumes the form of a return 
crank from the main crank pin, as shown in Fig. 46. Its 
centre then is found on a line at right angles to the crank 
arm. The angular advance b^i^omes equal tp z^ro, and 
hence, so far as the link will be concerned, the vajve can 
have neither lap nor lead. The link oscillates freely about 
a fixQd axis, and its arc has a radius equal to the length of 
the radius rod. This rod is moved from one foil gear to 
the other, in the usual manner, by means of a reversing 
shaft with arms. From the extremity of a short arm, 
rigidly bolted to the cross-head pin, extends a union bar 
which is pinned to one end of the combination lever. By 
the aid of this lever, the eccentric and cross-head motions 
ar^ so combined, that the latter virtually restores the angu- 
lar advance discarded while locating the eccentric, and 
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WALSCHAERT LINK MOTION, 



consequently enables the valve to possess both a constant 
lap and lead. 

The truth of this assertion wHl appear from an examina- 
tion of the lever elements (Fig. 47) for 12 locations of the 
crank arm. 

Fid. 47. 




The subjoined dimensions will be found convenient for 
the construction of a. trial example, in which of course two 
templates dhould be employed, one to represent the link, 
the other the combination lever : — 
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Diameter of piston=18". 
Stroke=24" ; Connecting rod=100". 
Eatio=l : 8J. 

Axis of link 74" from centre of shaft and 15| above cen- 
tral line of motion. 

Eccentric rod pin 13" from axis of link. 
Radius of link and length of rod=42^''. 
link block to end centre of radius rod=6"« 
Long lever of combination arm=30". 
Cross-head arm drops 14| inches. 
Connection for arm and lever=16"l 
Throw of eccentric =3J inches. 
Travel of valve (maximum) =4^ inches. 
Lap=l inch ; Constant lead of J''. 
Steam port IJ" ; Exhaust port=3". 

Cases will at times arise in which the distance between 
the centre of Bhaft and valve, will prove too contracted for 
a satisfactory arrangement of the parts after the manner 
shown in Fig. 46. In such instances the ourvature of the 
.link should be reversed, the radius rod made to lie between 
the link and shaft, and the valve stem lengthened, to adapt 
it to the new position of the combination lever. 

The Designer will find that his eflfbrts, towards the equal- 
ization of the cut-off in the Walschaert Motion, are attended 
with far less difficulty than similar ones with the shifting and 
stationary links. This peculiarity arises, from the intimate 
relation constantiy maintained between the valve and piston 
motions, through the medium of the combination lever.' In 
consequence of which, any undue acceleration or retardation 
of the piston motion is immediately accompanied by like 
effect in that of the valve, thereby greatiy diminishing its 
capacity to derange the events of the stroke. 
10 
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INDEPENDENT OUT-OFF, 



OLEAKANOE, ETC. 
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INDEPENDENT CUT-OFF. 



It has been demonstrated in Part I. that a very early 
cut-off is incompatible with the economic action of a single 
eccentric, for beyond the limit of about § of the stroke, the 
compression attending an earlier closure of the exhaust will 
usually famish a resistance in excess oi that required for 
neutralizing the momentum of the reciprocating parts. If 
therefore a more extended range of the cut-off should be 
demanded, for comparatively slow speed engines, other 
means must be sought by which it can be controlled with- 
out affecting the exhaust ; in a word independent valves 
must be introduced having a motion different from that of 
the main valve. For this purpose the parts are usually 
arranged as shown in Fig. 48. The valve A carries on its 
back two cut-off valves B B' and rigidly supports by pillars 
the surface plate H H on which a brass packing ring F F 
bears, enclosing a space D in communication with the con- 
denser through the pipe E. The partial vacuum formed in 
this space relieves the valve in great measure of the im- 
mense pressure exerted by the steam, and consequently 
reduces the friction as weU as facilitates the starting of the 
engine. 

On the cut-off valve stem are turned a right and left 
hand thread, so that by revolving the same, the valves may 
be drawn closer together or separated by a wider distance 
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INDEPENDENT CUT-OFF, 



according to the requirements of the cut-oflPl The main 
valve A has a lap, lead and exhaust closure appropriate to 
the value of the TnginniTiTn cut-ofl^ and permanently retains 



Fig. 48. 




these quantities throughout every variation in the point of 
cut-off brought about by the separation of the valves B B'. 
Its general design depends upon the range of the cut-off. 
For one varying between zero and about 0.6 of the stroke the 
combination shown in Pig. 48 is most suitable, where the 
outer edges cc, effect the closure of the port, and the valves 
have a motion directly the reoerse of that peculiar to the 
piston. For cut-offs varying between 0.3 and 0.9 the stroke 
the inner edges e e should be made to perform this office, 
and the valves should have a travel coincident with that of 
the piston. Between the assigned limits such valves give 
sharp and decisive cut-offs for a proper ratio between the 
travels of the main and cut-off valves. When the outer 
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edges are emjdoyed the travel of the cut-off valves should 
exceed that of the main valve ; bnt with the inner edges it 
may eqtial or exceed it according to the degree of rapidity 
desired in the action. 

The relative motions of the valves, may for any required 
case be conveniently examined, by a method indicated in 
Fig. 49, and the travel regulated to meet the conditions of a 
good motion. The valves are here supposed to cut off with 
their inner edges but the process is equally applicable to 
the opposite relation. 1st. Stretch a sheet of paper and 
upon it draw the steam ports, exhaust port, bridges, and 
a circle / g representmg the motion of the main valve's 
eccentric with an angular advance position R 1, also the J 
stroke R 3, and the maximum cut-off R 4. Project these 
points to the line of the valve seat, thus giving the positions 
1, 2, 3 and 4. Secure a slip of paper X A with its base 
line A over the point 6, and draw the main valve with lap 
appropriate to the maximum cut-off precisely as in Part I. 
Make the steam passages S S convergent in order to econo- 
mize space. Secure a second slip W D as before shown, 
and above its base line D describe a circle hj to represent 
the path of the eccentric acting on the cut-off valves. Its 
initial position will be found at R 1 the same relatively as 
the crank of the engine. Prom this lay off R 2, 3 and 4, 
making angles with R 1 equal to those found in the 
circle f g. These preliminary steps completed, our ob- 
ject will be to find the degree of separation required 
between the valves for the given cut-offs, their width, 
and also to what extent the faces L L should be length- 
ened to prevent a fall of either cut-off valve. Suppose 
for instance the limits were ^ and | stroke, we first loosen 
the two strips W and X, place their base lines A and D at 
Nos. 3 the I stroke locations for their respective eccentrics, 
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and mark e for the point at which the cnt-off valve shonjd 
stand to eflFect the closure of the steam port Second^ move 
the slips W and X until their base lines A andD correspond 
with Nas. 4, the other cnt-off limit mark ^^ and it will 
appear that the valve stem must be rotated, until the cut-off 
valve B moves a distance n from its first position e. Since 
the right and left hand threads have one pitch, the other 
cut-off valve B' will be moved a like distance from the com- 
mon centre C. Thirds the valves must be sufficiently wide 
to guard against a re-opening of the port before its final 
closure by the main valve. This distance may be found by 
placing the strips at the Nos. 4 positions and marking a 
point c on the strip W opposite the edge d ; when the length 
of the valve should at least equal the distance from ^ to c. 
FourtJi^ Place the strips W and X at the Nos. 1 locations 
and we obtain substantially the extreme position of the cut- 
off valve with reference to the main valve which will indicate 
the proper extension for the faces L L. 

If other positions of the eccentric are interpolated be- 
tween 1, 2, 3, and 4, the relative motions may be accurately 
traced and the degree of port opening observed, sO that in 
event of the latter proving inadequate, the diameter of the 
circle 7ij can be increased a suitable amount. It is cus- 
tomary in proportioning stationary engines with valves con- 
structed on this principle, to make the cut-off variable be- 
tween 0.3 and | the stroke, while the main valve is arranged 
with a lead angle of about 8° and a lap suitable to- a cut-off 
of I the stroke. The resulting angular advance usually 
furnishes an appropriate exhaust closure. If, however, on 
trial the crank should not pass its centres smoothly, the 
angular advance of the eccentric must be increased or di- 
minished until the proper compression is discovered for 
counteracting the momentum of the reciprocating parts, as 
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INDEPENDENT CUT-OFF. 
Fig. 40. 
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well as lead opening for neutralizing the eflfect of lost 
motion. 
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164 EQUALIZATIOIT OF VALVE MOTIOIT. 

In marine engines the cnt-off valves act with their (mter 
edges. The lap angle of the main valve is then taken at 
from 15° to 20 degrees, and the exhaust closure effected at 
about 0.9 the stroke, by simply raising the link, until the 
eccentrics have virtually an angular advance of 35 to 45 
degrees ; in other words, by working the link in less than 
the fall gear. The necessity of a^usting the eccentrics is 
thus obviated. 

When an engine is famished with exhaust passages per- 
fectly distinct from those admitting the steam to the cylin- 
der, and the demands upon its power are quite uniform, 
the valves regulating the exhaust should be adjusted by the 
quantity of coal consumed. That is, the angular advance 
of their eccentric should, from time to time, be increased 
until at length the limit of greatest economy is attained. 
The result of course must not be judged by a computation 
of the indicator card, for that necessarily ignores the eflTect 
of the momentum of the reciprocating parts, since it mea- 
sures the power in the act of being applied and not sijhse- 
queTvtly to the application, a distinction of great importance. 



EQUALIZATIOIS' OF YALVE MOTIOK 

The cut-off being produced by a valve independent of 
that regulating the lead, its equalization may be accom- 
plished without any of the difficulties incident to a single 
eccentric motion, where the slightest change in either event 
is immediately felt by the other. The desired result is ap- 
proximately obtained for a single eccentric motion, by sim- 
ply lengthening the cut-off valve stem an amount depend- 
ent on the ratio existing between crank and connecting rod. 
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It, however, the valve moves tinder the mflnence of a lever 
attached to the reciprocatmg parts of the engine, as in Fig. 
62, the motion wiU become equalized by virtue of the irreg- 
ularities thus introduced to the valve motion (a counterpart 
of those peculiar to the piston) and any slight inequalities 
of the main valve will be counteracted by a change in the 
length of the cut-off valve stem. The lead should be made 
eituil for both faces of the main valve, and if neither the 
single eccentric nor link by which the latter is operated 
a)ccomplishes an equalization of the exhaust closure, then a 
stiitable amount of inside lap and clearance (as explained 
Part 11) should be given to the exhaust edges of the valve 
face. The cut-off equality of the main valve, in itself con- 
sidered, is of little consequence, hence the link should be 
arranged to give the smallest amount of slip attainable 
with an equality of the lead, and the cut-off should be reg- 
ulated solely by the cut-off valves* 



CLEARANCE. 



This term is used to express, the extent of the space 
which exists between the piston at the extremity of its 
stroke and the valve face, or the cubic contents of the steam 
passage plus the unoccupied portion of the cylinder. 
Since for each stroke of the piston this space must be filled 
with steam, which in no way tends to improve the action of 
the X)arts, but rather increases the amount to be exhausted 
on the return stroke, it becomes desirable in long-stroke 
engines to locate the valve face as near the end of the stroke 
as possible, thus reducing the cubic contents of the passage 
and by its directness admitting the steam with a higher 
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FRICTION. 



initial pressure than could be obtained through a more tor- 
tuous channel. 

A convenient method for accomplishing this result, is to 
separate the valve faces P and N by means of a stem, as 
shown in Fig. 50, and forming them either in the shape of a 

Fio. 60. 




letter Q laid on its side, or as small pistons. The former 
or D valve construction was much employed a few years 
since, but has been gradually supplanted by the more me- 
chanical arrangement of the piston valve. This, instead of 
being surrounded by packing in the valve case, carries its 
expansive packing in the same manner as an ordinary pis- 
ton. The steam is received either between the pistons, from 
a pipe P, giving the most direct admission to the cylinder, 
or externally from chambers e e. The parts surrounding 
he valves are well jacketed to prevent tmequal expansion, 
cind slight irregularities are compensated by the elasticity 
of the packing. 



FEIOTIOI^. 

The friction of a valve is quite independent of its surface, 
except so far as the latter may increase the area upon 
which the steam can exert an unbalanced pressure. 
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There are various expedients for relieving snch pressure. 
Two of these have been illustrated in Figs. 48 and 50. A 
third consists in casting a standard in the exhaust port on 
which is bolted a concave plate, scraped to a bearing upon 
the inner surface of the valve, and holes drilled through the 
top admit the steam under the valve, which tends to relieve 
the external pressure. Besides these devices the valve is 
frequently mounted on steel rollers about If inches diame- 
ter resting on plates of the same metal, and thus the sliding 
converted into rolling friction. Heavy valves standing in a 
vertical position have additional rollers under their lower 
edge for supporting their great weight. 



REDUOTIO]!^ IIS" TRAYEL. 

The work expended in friction depends directiy upon 
the distance traversed by the valve. Hence, in marine en- 
gines every means possible should be employed to reduce 
this quantity to its minimum value. This object may be 

Pia. 61. 




attained by increasing the number of the steam ports two 
or three fold, so that J or J of the travel will suffice to open 
the same extent of port area. For a reduction in the travel 



Digitized by 



Google 



168 LIKK AND BEOIPBOGATIITG 

of one-half, the parts are commonly arranged as shoirai in 
Fig. 61. In this the valve edges P and N are separated \>j 
a distance wide enough to admit two steam passages U, U, 
whose openings T T communicate with the inner ports 'bijUk 
not with the exhaust. They are formed with a width eqwl 
to that designed for the port opening. The general propor- 
tions of such valves may be concisely expressed as followp: 

Total width of steam passage=2 8. 

Each port=S. Width of port opening=T, 

Exhaust port=4 S. 

Valve faces P and N=S+lap of valve. 

Bridge W=i travel+lap+T+ 1 inch. 

Width of exhaust "bridge B dependent on thickness of 
cylinder. 

Width of exhaust bridge b dependent on thickness of 
valve. 

Occasionally the travel is reduced still further by insert- 
ing a third port beyond the other two. When so arranged 
the outer fsbces F and N are extended and through them 
passages cut, which admit the steam to the oyliBd<»-, b«t 
remain closed during the period of exhaust ; consequently 
the two exhaust passages must be amply large to discharge 
the steam received through the three openings. 



UNK AND RECIPROCATING MOTION COMBINED, 

It was observed, while discussing the subject of link mo- 
tion, that the central line of motion might be inclined at aHy 
angle to that of the piston motion, without aflfeoting tba 
character of the valve action. Fig. 03 illustrates ihm fmit 
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A. 






UOTIOK OOMBIITED. 



liarity (for one position, namely, an angle of 76°) as appl^^ "f^JJ 
io a back-action engine having an independent cut-off. 
The line E F represents the central line of &8 link motioiv 

Fig. 53. 




and G H a line at right angles thereto from which are laid 
off the 15 degree angular advances of the eccentrics. The 
eccentric rods being crossed, the lead of course diminishes 
from the fall to the mid gear of the link, but as this is only 
employed in the fall or immediately adjacent gears, the re- 
daction proves advantageous, since it enables the engineer 
to stop his engine by placing the link in the mid gear (see 
Pig. 26). The cut-off valves are operated by a lever I J 
connected through the link J K with the pin K, which is 
secured to one of the piston rods or to the cross-head in a 
direct-action engine. 

This valve motion might have been derived from an ec- 
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centric with its nonnal position in the line E F, and acting 
on the valve through the medium of a rocker. The general 
conditions governing the motion have already l)een ex- 
amined. 

There are numerous other positions in which the link 
may be placed, and many other plans for connection with 
the valve, but it is believed that the typical forms have 
been presented with sufScient care and accuracy to enable 
the designer by their aid to accomplish any desired result. 

It may prove a source of regret to some, that the numer- 
ous class of automatic cut-off gears, now so extensively 
applied to stationary engines, should have received no 
special attention in this Work. The Author however, has 
considered it most expedient to confine himself to general 
principles and to subjects requiring a solution in every day 
experience, leaving with those who hold such monop- 
olies, and who alone can make use of them, the onus of 
explaining their principles and advertising their points of 
excellence. 
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FOEMTJL^ EELATrSTG TO CEA^K ANT) 
PISTOIT MOTIOIS'S. 
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CEAIO: AJ^^GLE EQUATIOI^S. 



Upon comparing the positions assumed by a piston under the influence 
of a connecting rod of virtually infinite length, with those resulting from 
the use of a rod of finite length ; it appears that for any point selected m 
the forward stroke (as e. Fig. 58) 

Fig. 58. 




the piston is advanced beyond its normal position by a distance ef equal 
to the ver. sine of the angle a included between the connecting rod and 
centre line^f the engine. On the return' stroke it will be found in ari'ear 
by the same distance. 

The object of this investigation is to determine formulae for ascer- 
taining the crank angle due to a certain length of connecting rod and 
position of the piston. 

Let the length of the crank arm A C (in inches) =^ and that of the con- 
necting rod A B (in inches) = G ; their ratio will be that o£ h: G; but if 

-jT = N, the ratio of the crank arm to the connecting rod will become 1 : K 
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Again the distance of the piston from the commencement of the stroke (in 
inches) = /, consequently : — 



cos A 



for an advance Iub than ^ stroke 
« " greater « J *< 






h 

In which the angle A is a location the crank would assume, if the ratio of 
crank arm to connecting rod were that of 1 : ao . 

Considering ^ as the correct angle for the crank, when the ratio is that 
of 1 : N and its advance less than the first half stroke, we have :^ 
Ce = k. cos f. 
/B= G. 
eB = G. cos a 
hut, Ce=/B — eB + Q/1 

or l;cos0 = G — Gcosa + itcoBd. 

Dividing hoth members by i 

cos ^ = N — N cos a + cos A (1.) 

or, cos ^ — cos A = N (1 — cos a). 

.cos^ — cosA _^ 

cos a = 1 ^ . (2.) 

^ce the <^ sides of plane triangles are proportional to the sines of their 
opposite angles " it follows : — 

N : 1 : : sin ^ : sin a 

sin <b 
sm a = -^ 

Transforming 

this equation upon the principle that cos *a = 1 -* sin *a. We obtam :— 

Bubstittiting this value of cos a in Bq. No. 3 gives 



/F^= 



cos ^ — COS A 



N 
Squaring both members of the equation ; — 

1 — . ™*^ — 1 L o COS ^ — co s A cos *^ — 2 cos ^ cos A -H cos *A 

N* "^ ^' N ■*" N* 

and multiplying by IT : — 

N* — sinV = N' — 2Nco8^ + 3Nco8A+ cos^ — 3cos^.co8A+icos*A 
cancelling and changing signs. 
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Mn V = 3 N cos ^ - 2 N cos A - cod V + 3 COS ^..cos A - cos »A 



or 



(sin > + COS •^) — 2 J?^ cos ^ — 3 cos ^€Q8 A = — g N cos A - cos 'A 
which reduces to ; — 

— 1 + 2 N cos f + 2 cos f cos A = a N. cos A + cos »A 

or 3 (N + cos A) cos ^ = 2 N cos A + (1 + cos ?A) 

. cos ^ - ^c<>8^ + acoB«A + 0.5 ) 

When the piston st^ds at the half stroke point, the angle A = 90**. 
But since the cos 90° = 0. the equation (3.) will be so modified as to 
read:— 

. 0.5 

For an advance greater than the half stroke *he equation No. 1. will 
read thus:— 

cos = cos A — N + N. cos. a 
wnich followed through simiUr transformations to those that developed 
equation No. 3. gives finally : 

N— cos A ^ ' 



If instead of the total crank angle or its supplement, the irregularity 
due to the connecting rod is required, the question is reduced to finding 
the difference between cos A and cos ^. 

Subtract cos A from both members of equation No. 8. 

^ ^ ^ N cos A + a cos ^A + 0.6) 

cos — cos A = r =r=-^^ ^-- COS A 

N + cos A 

Let E =: the irregularity, then :-^ 

-, __ N cos A + J^ cos 'A + 0.5 — N cos A — cos "A 
V ~~ N + cos A 

Multiplying by f and cancelling : — 

1 •— cos 'A 



2 (N + COS A) 



2 (N + cos A) 
and similarly for an advance greater than 90 



sin 'A , 

• *• ^ = ftTwT^];^^^^ Co.) 



__ sin 'A 
^-g(N-co8A) V (7.) 
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166 CEANK ANGLE EQUATIONS. 

With equations 6 and 7 also the term N being giyen, the irregularity E 
can be determined for all values of A. The latter may be combined, to 
form a scale, by erecting them as ordinates to a straight line and joining 
their extremites. The curyed line so desoribed will be ^ species of the 
cycloid. 



^The equations 8 and 5 can be modified by making the original yalues 
of cos A, — 

ir/=0. and •''-^ = *. 

read thus :— 

For cut^flf leesihao, J stroke, cos ^ = ^'^ N^ c^ ^'^ <®) 

** ** ^fitojZto J " cos^ = ^ (9) 

** ** greater tham^ " cos ^ = "^'^ ""x^^ ^ ^'^ (^^) 

C^eneral/arfnula for finding that crank angle, which corresponds with a 
given position of the piston. 

It will be observed that equation No. 8 applies to all piston advances 
less than the half stroke in the forward motion, and greater than the i 
same in the return motion ; while No. 10, on the contrary, solves those 
greater than the half stroke in the forward and less in the return motion. 



EXAMFLB8. 

No. 1* iTie stroke of a certain engine = 82". 
The cut-off takes place at 20". 

Ratio of crank arm to connecting rod 1 : $. 
Be^uired, ^ 

The angles of the crank at the moment» aC cut-o£ 



Since the cut-off is greater than the half stroke 

For the forward stroke equation No. 10 

And ,•. 4*=:81M8'. 

Scm)1emex:t cf 4 ^ 98"". 42' = crank angle forward. 
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Again, substituting N and e in equation No. 8 gives :— 
___ 5. X 0.25 + (0. 0312 5 + 0.5) _ 
cos 6iro:25 ^'^^^^ 

searching in a table of natural cosines for this decimal, we find that :— ' 

^=±:70M0' and 
fiuppleinent of ^ = 109". 50' = crank angle of the return stroke, or the 
second of the two angles sought. . 

They have both been giyen in the Stbokb Tasle column for the ratio 
1 : 5, and line for 0.625 piston position. 



No. a. Stroke of engine = 10' 6". = 126." 

Cut-off of steam at 88"f 
Ratio of crank arm to connecting rod = 1 : 7^. 

The angles of the crank at the moment of cut oft 



The cut-off being less than one-half the stroke 
]c^f 63 -38.5 ^ 
^ = -F-=— 63— = ^' 

This substituted in equation No. 8 gives; — 

^ 7.4 X .4682 6 + (.10 968 + .6) -^.- 
*^ ^ = 7JT368 — = •>•"« 

And from a table of natural cosines : — 

^ = 58°. 49' = crank angle forward. 

Proceeding in like manner for the return stroke with equation No. 10 
^ 8.46512 - (.10965 + .5) ^ ., ,^ 
cos = ^4 Zr468 = ^'^^^^' 

. • , ^ = 65°. 40' = crank angle of the return stroke. 



If o. 3. What irregularity is impressed on a valye at its half travel 

by a ratio between the eccentric throw and length of eccentric 
. rod of 1 : 25. ? 

From Equation No. 4, cos ^ = ■^- = 05" ~ ^'^^ 

.-. ^ = 88°. 51'. and the 

Irregularity (or complement of 0) = 1°. 9'. about 1% which for any giyen 
trayel may be measured from the Base Line of the Travel Scalb. 
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The irregnlarity for many other ratios is given below : - 



^r ratio 1 


:40= y 


Ratio 1:8 t= 3°| 


" 1 


:80= ir 


1 : 7 . = 4^i 


(( -i 


20 = 1°| 


1:6 =4°f 


U -t 


15 = 1|° 


1:6 = 5°f 


«( i 


12 = 2°| 


.l:4j=6°f 


i( 1 . 


10 = 2J.'' 


1:4 =7i° 



Wo. 4. When a valve, having an eccentric throw and rod ratio of 
1 : 6 attains its quarter stroke (30°) point, by how many degrees 
does it stand in advance of the position it would occupy were the 
throw and rod ratio that of 1 : QO ? 



Referring to equation No. 7. we observe that in this case A = 60". 

and as; cos 60** = J sin. 60° = i^ Vs and sin '60° = f the equation 
for E will become : 

E - * - 8 

2N - 1 ■" 8N - 4. 



Also , cos ^ = cos A — E, or ^ = cos -* (.5 — E) 

Since the angular correction = ^° — a°. 

(5 - E) - 60^ 



we have 



= COS" 



By substituting 6 the value of N in equation for E, we obtain : — 
Correction = cos -' (5 — .0682) — 60°. 
" = 64°. 25'. - 60° 

" = 4°. 25' = amount in advance. 



In a similar manner, we can determine the extent of the irregularity, 
which may be expected from other ratios, at the quarter stroke or 80° 
angular advance point, and measure their linear value from the. 80° line on 
the Travel Scale. 



Ratio 1 


80 b 


etwee 


a eccentric thi 


•ow anc 


[ rod, gives 
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periments on Gauging Water in Open Canals, and on the Flow 
through Submerged Orifices and Diverging Tubes. With 23 
copperplates, beautifully engraved, and about 100 new pagfes of 
text. 

The Vork is divided into parts. Part L, on hydraulic motors, includes 
ninety-two experiments on aa improved Foumeyron Turbine Water- Wheel, 
of about two hundred horse-power, with rules and tables for the construction 
of similar motors ; thirteen experiments on a model of a centre-vent water- 
Wheel of the most simple design, and thirty-nine experiments on a centre-vent 
water-wheel of about two hundred and thirty horse-power. 

Part U. includes seventy-four experiments made for tiie puifpose of deter- . 
mining the fonn of the formula for computing the flow of water over weirs; 
nine experiments on the effect of back-water on the flow over weirs; eighty- 
eight experiments made for the purpose of determining the formula for com- 
puting the flow over weirs of regfular or standard forms, with several tablet 
of comparisons of the new formula with the results obtained by former experi- 
menters; five experiments on the flow over a dam in which the crest was of the 
same form as that buHt by the Essex Company across the Merrimack Biver at 
Lawrence, Massachusetts; twenty-one experinjents on the effect of observing 
the depths of water on a weir at different distances from the weir ; an exten- 
sive series of experiments made for the purpose of determining- rules for 
gauging streams of water in open canals, with tables for Militating the same ; 
and one hundred and one experiments on the discharge of water through sub- 
merged orifices and diverging tubes, the whole being fully illustrated by 
twenty-three double plates engraved on copper. 

In 1855 the proprietors of the Locks and Canals on Merrimack Biver oon- 
sented to the publication of the first edition of this work, which contained a 
fleleotion of the most important hydraulic experiments made at Lowell up to 
that time. In this edition the principal hydraulic experiments made there, 
subsequent to 1855, have ba^u added, including the important series above 
mentkmed, Icnt determining rules lor the gauging the flow of water in open 
ouu49) and the interestixig wanea on the flow through aaulpmerged Venturi*s 
tube, in whiph a laxf^x flow was obtained than any we fip4 xeoord^d. 
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Francis on Oast-Iron Pillars. 

6ya Cloth. $2.00. 

ON THE STEENGTH OF CAST-IEON PILLAHS, with Tables 
for tLe use of Engineers, Architects, and Builders. By Jakbs B. 
Fbaistcis, Civil Engineer. 



Merriirs Iron Truss Bridges. 

Second Edition* 

4to. Cloth. $5.00. 

tRON TRUSS BEIDGES FOR RAILROADS. The Method of 
Calculating Strains in Trusses, with a careful comparison of the 
most prominent Trusses, in reference to economy in combination, 
etc., etc. By Brevet Colonel William E. Mebkill, U.S.A., 
Major Corps of Engineers. Nine lithographed plates of illustra- 
tions. 

" The work before iu is an. attempt to give a basis for sound reform m this 
feature of railroad engmeering, \j throwing 'additional light upon the 
method of AA-lnwlAfiTig the twa-Tima. strains that can oome upon any part of a 
bridge trass, and upon the manner of proportioning each part, so that it shall 
be as strong relatively to its own .strains as any other part, and so that the 
entire hridge may be strong enough to sustain several times as gpreat strains 
as the greatest that oan come upon it in actual use.' *' — ScienUfle •American. 

** The author has presented his views in a dear and intelligent manner, and 
the ingenuity displayed in coloring the figures so as to present certain facts 
to the eye forms no inappredaUe part of the merits of the work. The reduc- 
tion of the * formulas for obtaining the strength, volume, and weight of a cast- 
iron pillar under a strain of compression,' will be very acceptable to those who 
have occasion hereafter to make investigations involving these conditions. As 
a whole, the work has been well done.**— i2^»2road Gazette, Chicago, 



Humber's Strains in Girders* 

18mo. Clotk 13.50. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS and Siimlar Structures, aad their Strength, con- 
sistiBg of FonnnlsB and Corresponding Diagrams, with nnmerous 
details for practical application. By Wxllux Huxbzb. FuU j 
illustrated. 
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Shreve on Bridges and Roofs. 

8yo, 87 wood-cut illuBtrations. Cloth. $5.00. 

A TREATISE ON THE STRENOTH OP BRIDGES AND 

ROOFS— comprising the determination of Algebraic formulas 
for Strains in Horizontal, Inclined or Rafter, Triangular, Bow- 
string, Lenticular and other Trusses, from fixed and moving 
loads, with practical applications and examples, for the use of 
Students and Engineers. By Samuel H. Shrbve, A.M., Civil 
Engineer. 

The' rules for the determination of strains given in this work, in the shape 
of formulas, are deduced from a few well-known mechanical laws, and are not 
based upon assumed conditions; the processes are given and applications 
made of the results, so that it is equally valuable as a text-book for the 
Student and as a manual for the Practical Engineer. Among the examples 
are the Q-reithausen Bridge, the Kuilemberg Bridge, a bridge of the Saltash 
type, and many other compound trusses, whose strains are calc\ilated by 
methods which are not only free from the use of the higher mathematics, but 
are as simple and accurate, and as readily applied, as those which are used in 
proportioning a "Warren Girder or other simple truss. 



The Kansas City Bridge. 

4to.- Cloth. $6.00 

WITH AN ACCOUNT OF THE EEGIMEN OF THE MIS- 
SOUEI EIVER, and a description of the Methods used for 
Founding in that River. By 0. Chanute, Chief Engineer, and 
Geoeob Mokison, Assistant Engineer. Illustrated with five 
lithographic views and twelve plates of plans. 

lUystrations, 



Views: — ^View of the Kansas City 
Bridge, August 2, 1869. Lowering 
Caisson . No. 1 into position. Caisson 
for Pier No. 4 brought into position. 
View of Fouiidation Works, Pier No. 
4 Pier No. 1. 

Plates. — ^I. Map showing location 
of Bridge. 11. Water Record— <:Jroe8 
Section of River — Profile of Crossing 
— Pontoon Protection. III. Watet 
Deadener — Caisson No. 3 — ^Founda 



tion Works, Pier No. 3. IV. Foundar 
tion Works, Pier No. 4. V. Founda- 
tion Works, Pier No. 4 VI. Caisson 
No. 5— Sheet Piling at Pier No. 6— 
Details of Dredges — ^Pile Shoe — Beton 
Box. VII. Masonry — Draw Protec- 
tion — False Works between Piers 3 
and 4 VIIL Floating Derricks. 

IX. Greneral Elevation — 176 feet span. 

X. 248 feet span. XL Plans of Draw. 
XII. Strain Diagrams^ 
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Clarke's Quincy Bridge. 

4to. Cloth, f 7UH). 

DESCEIPTION OF THE IRON RAILWAY Bridge across the 
Mis^ssippi River at Quincy, Illinois. By Thomas Cuetis Clarke, 
Chief Engineer. Illustrated with twenty-one lithographed 
plans. 

lUitstrations, 



Plates. — General Plan of Missis- 
sippi River at Quincy, showing loca- 
tion of Bridge. Ila. General Sections 
of Mississippi Biver at Quincy, show- 
ing location of Bridge. 115. General 
Sections of Mississippi Kiyer at Quin- 
cy, showing location of Bridge. III. 
General Sections of Mississippi River 
at Quincy, showing location of Bridge. 
IV. Plans of Masonry. V. Diagram 
of Spans, showing the Dimensions, 
Arrangement of Panels, etc. VL Two 
hundred and fifty feet span, apd de- 
tails. VII. Three hundred and sixty 
feet Pivot Draw. VIIL Details of 
three hundred and sixty feetf Draw. 
IX. Ice-Breakers, Foundations of Piers 
and Abutz&eutSy Water Table, and 



Curve of Deflections. X. Founda- 
tions of Pier 2, in Process of Con- 
struction. XI. Foundations of Pier 
3, and its Protection. TTT. Founda- 
tions of Pier 3, in Process of Constmo- 
tion, and Steam Dredge. XDI. Foun- 
dations of Piers 5 to 18, in 'Process 
of Construction. XTV, False Works, 
showing Process of Handling and Set- 
ting Stone. XV. False Works for 
Raising Iron Work of Superstructure. 
XVL Steam Dredge used, in Founda- 
tions 9 to 18, XVIL Single Bucket 
Dredge used in Foundations of Bay 
Piers. XVnL Saws used for Cut- 
ting Piles underwater. XIX. Sand 
Pump and Concrete Box. ^^ Ma- 
sonry Travelling Crane. 



Whipple on Bridge Building. 

Svo, Illustrated. Cloth. $400. 

AN ELEMENTAEY AND PEACTICAL TREATISE ON 
BRIDGE BUILDING. An enlarged and improved edition of 
the Author's original work. By S. Whipple, C. E., Inventor of 
the Whipple Bridges, &c. Second Edition* 

The design has been to develop from Fundamental Principles a system easy 
of comprehension, and such as to enable the attentive reader and student to 
judge understandingly for himself, as to the relative merits of different plans 
and combinations, and to adopt for use such as may be most suitable for the 
cases he may have to deal with. 

It is hoped the work may prove an appropriate Text-Book upon the subject 
treated of, for the Engineering Student^ and a useful manuifl for the Praotio- 
ing Engineer and Bridge Builder. 
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Stoney on Strains. 

New and Revised Edii4on, with nutneroua iUuetratUms. 

Boyal 8yo, 664 pp. ClotK $12.50. ■ 

THE THEOEY OF STEAINS IN Q-IRDERS and Similar Struo- 
tures, with Observations on the Application of Theory to Practice, 
and Tables of Strength and other Properties of Materials. By 
BiwDOK B. STomsT, B. A. 



Roebling's Bridges. 

Imperial folio. Cloth. $25.00. 

LONG AND SHOET SPAN EAILWAY BEIDGES. By Jora 
A. EoEBLiNG, 0. E. Illustrated with large copperplate engrav- 
ings of plans and views. 

Id9t of FtcUes 

1. Parabolic Truss Railway Bridge. 2, 8, 4, 5, 6. Details of Parabolic 
Trass, with centre span 500 feet in the clear. 7. Plan and View of a Bridge 
over the Mississippi Biver, at St. Louis^ for railway and common traveL 8, 9, 
10, 11, 12. Details and View of St. Louis Bridge. 13. Railroad Bridge over 
the Ohio* 



Diedriclis' Theory of Strains. 

8vo. aoth. $5.00. 

A Compendium for the Oalculation and Construction of Bridges, 
Eoofs, and Cranes, with the Application of Trigonometrical 
Notes. Containing the most comprehensive information in re- 
gard to the Eesulting Strains for a permanent Load, as also for 
a oombined (Permanent and ^tolling) Load. Li two Beotions 
adapted to the requirements of the present time. By John Died- 
BicHS. Illustrated by numerous plates and diagrams. 

** The want of a compact, nniversal and popular treatise on the Gonstmo- 
tion of Boofis and Bridges — espeoially one treating of the influence of a varia- 
Ub load— -and tlie unsatisfactory essays of different authors on the sabjaot, 
induced me taprepaze {his work." 
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Whilden's Strength of Materials. 

12iao. Cloth. $2.00. 

on' THE STEENGTH OF MATERIALS used in Engineering 
Construction. By J. EL Whildbit. 



Oampin on Iron Roofs. 

Large 8yo. Cloth. $2.00. 

ON' THE CONSTRUCTION OF IRON ROOFS. A Theoretical 
and Practical Treatise. By Feancis Campin. With wood-cuts 
and plates of 'Roofs lately executed. 

<* The mathematical formulas are of an elementary kind, and the process 
admits of an easy extension so as to embrace the prominent varieties of iron 
truss bridges. The treatise, though of a practical scientific character, may be 
easily mastered by any one familiar with elementary mechanics and plane 
trigonometry." 

HoUey's Railway Practice. 

IyoL folio. Cloth. |12.0a 

AMERICAN AND EUROPEAN RAILWAY PRACTICE, in 
the Economical Generation of Steam, including the materials 
and construction of Coal-burning Boilers, Combustion, the Varia- 
ble Blastj Vaporization, Circulation, Super-heating, Supplying 
and Heating Feed-water, &c., and the adaptation of Wood and 
Coke-burning Engines to Coal-burning ; and in Permanent Way, 
including Road-bed, Sleepers, Rails, Joint Fastenings, Street 
Railways, &c., &c. By Albxastdeb L. Hollet, B. P. With 77 
lithographed plates. ' 

^ This is an elaborate treatise by one of our ablest civil engfineers, on the con- 
struction and use of locomotives, with a few chapters on the building of Bail- 
roLds. » * * All these subjects are treated by the author, who is a 
first-class railroad engineer,'in both an intelligent and intelligible manner. The 
facts and ideas are well arranged, and presented in a clear and simple style, 
accompanied by beautiful engravings, and we presume the work will be regard- 
ed as' indispensable by all who are interested in a knowledge of the construo- 
tion of railroads and rolling stock, or the working of looomotives.''— ^SScianA^ 
Americm. 



Digitized by 



Google 



8 SCIENTIFIC BOOKS PUBLISHED BY 

Henrici's Skeleton Stnictures. 

8vo. Cloth. |1.5a 

SKELETON STEUCTTTEES, especially in their Application to 
. the building of Steel and Iron Bridges. By Glaus Heneict. 
With folding jplates and diagrams. 

By presenting these general examinations on Skeleton Structures, with 
particular application for Suspended Bridg^es, to Engfineers, I yenture to ex- 
press the hope that they will receive these theoretical results with some confi- 
dence, even although an opportunity is wanting to compare them with practi- 
cal results. O. H. 



Useful Information for Railway Men. 

Pocket form. Morocco, gUt, $2.00. 

Conipile4 by W. G. Hamilton, Engineer. Fifth edition, revised 
and enlarged. 570 pages. 

" It embodies many yaluable formulae and recipes useful for railway men, 
and, indeed, for almost every class of persons in the world. The * informa- 
tion' comprises some valuable formulae and rules for the construction of 
boilers and engines, masonry, properties of steel and iron, and the strength 
of materials generally."— .&»2ro(M2 Gaaette, Ohicago. 



Brooklyn Water Works. 

Ivol. foHo. Cloth. $36.00. 

A DESCEIPTIVE ACCOUNT OF THE CONSTEUOTION OF 
THE WOEKS, and also Eeports on the Brooklyn, Hartford, 
Belleville, and Cambridge Pumping Engines. Prepared and 
printed by order of the Board oi. Water Commissioners. With 
59 illustrations. 

Contents. — Supply Ponds— The Conduit -Ridgewood Engine House and 
Pump "Well — Ridgewood Engines — ^Foroe Mains — ^Ridgewood Reservoir — 
Pipe Distribution — Mount Prospect Reservoir — ^Mount Prospect Eugina 
House and Engine — ^Drainage Grounds — Sewerage Worlca — Appendix. 
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Kirkwood on Filtration. 

4to. Cloth. ^15.00. 

REPOET ON THE EILTEATION OE EIVER WATERS, for 
the Supply of Cities, as practised in Europe, made to the Board 
of Water Commissioners of the City of St Louis. By James P. 
KiKKwooD. Illustrated by 30 double-plate engravings. 

Contents. — ^Report on Filtration — London "Works, Greneral — Chelsea 
"Water Works and Filters — ^Lambeth Water Works and Filters — Southwark 
and "Vauihall Water Works and Filters — Grand Junction Water Works and 
Filters— ^West Middlesex Water Works and Filters— New River Water 
Works and Filters — East London Water Works and Filters — ^Leicester Water 
Works and Filters— York "Water Works and Filters— Liyerpool Water Works 
and Filters— Edinburgh Water Works and Filters— Dublin Water Works 
and Filters — Perth "Water Works and Filtering Gallery — ^Berlin Water 
Works and Filters — Hamburg Water Works and Reservoirs — ^Altona "Water 
"Works and Filters — ^Tours Water Works and Filtering Canal — Angers Water 
"Works and Filtering Galleries — Nantes Water "Works and Filters — ^Lyons 
Water Works and Filtering Gralleries — Toulouse "Water Works and Filtering 
Galleries — Marseilles Water Works and Filters — Genoa Water Works and 
Filtering Gkdleries — Leghorn Water Works and Cisterns — ^Wakefield Water 
Works and Filters — ^Appendix. 



Tnnner on RoU-Tttming. 

1 vol. 8vo. and 1 voL plates. $10.00. 

A TREATISE ON EOLL-TURNINQ' EGR THE MANUFAC- 
TURE OF IRON. By Peter TirNNER. Translated and adapted. 
By JoHW B. Fearse, of the Pennsylvania Steel Works. With 
numerous wood-cuts, 8vo.', together with a foHo atlas of 10 litho- 
graphed plates of Rolls, Measurements, &c. 

'* We commend this book as a dear, elaborate, and practical treatise upon 
the department of iron manufacturing operations to -which it is devoted. 
The writer states in his preface, that for twenty-five years he has felt the 
necessity of such a work, and has evidently brought to its preparation the 
fruits of experience, a painstaking regard for accuracy of statement, and a 
desire to furnish information in a style readily understood. The book should 
be in the hands of every one interested, either in the gene^ practice of 
mechanical engineering, or the sx>ecial branch of manufacturing operations to 
which the work relates.'' — Ammriean Artisan, 
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Grlynn on the Power of Water. 

Idmo. Cloth. $1.00. 

A TEEATISE ON THE POWEE OF WATEE, as appUed to 
drive Flour Mills, ai^d to give motion to Turbines and other 
Hydrostatic Engines. By Joseph Q-lynk, F.E. S. Third edition, 
revised and enlarged, -with numerous illustrations. 



Hewson on Embankments. 

8vo. Cloth. 12.00. 

PEINCIPLES AND PEACTICE OF EMBANKING LANDS 
from Eiver Floods, as applied to th^ Levees of the Mississippi. 
By William Hewson, Civil Engineer. 

*'*' This is a valuahle treatise on the principles and practice of emhanking 
lands from river floods, as applied to the Levees of the Mississippi, hy a highly 
intelligeht and experienced engineer. The author says it is a first attempt 
to reduce to order and to rule the design, execution, and measurement of the 
Levees of the Mississippi It is a most useful and needed contribution to 
scientific literature. — Philadelphia .Evening JowmaL 



Gruner on Steel- 

Qvo. Cloth. $3.50. 

THE MANUFACTUEE OF STEEL. By M. L. Setjnee,- trans- 
lated from the French. By Lenox Smi^ A. M., E. M., with an 
appendix on the Bessemer Prooess in the United States, by the 
translator. Illustrated by lithographed drawings and wood-cuts. 

'' The purpose of the work is to present a careful, elahorate, and at the 
same time practical examination into the physical properties of steel, as well 
as a description of the new processes and mechanical appliances for its manufac- 
ture. The information which it contains, gathered from many trustworthy 
sources, will be found of much value to the American steel manufiEicturer, 
who may thus acquaint himself with the results of careful and elaborate ex- 
periments in other countries, and better prepare himself for successful com- 
petition in this* important industry with foreign makers. . The fact that this 
volume is from the pen of one of the ablest metaJiurgists of the present day,, 
cannot fail, we think, to secure for it a favorable oonaideiratioin.— Jw» Age. 
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BaTierman on' Iron. 

13mo. Gloth. $2.00. 

TEEATISE ON THE METALLUEGY OP IRON. Contain- 
ing outlines of the History of Iron Manufacture, methods of 
Assay, and analysis of Izon Ores, processes of manufacture of 
Iron and Steel, etc., etc. By H. Baxtebuan. First American 
edition. Eevised and enlai^ed, with an appendix on the Martin 
Process for making Steel, from the report of Abram S. Hewitt. 
Illustrated with nimierous wood engravings. 

'* This is an important addition to the stock of technical works published in 
this country. It embodies the latest &ots, discoveries, and processes con- 
;nected with the manufacture of iron and steel, and should be in the hands of 
every person interested in the subject, as well as in all technical and scientific 
libraries." — Seientific American, 



iiink and Yalve -Motions, by W. *S. 
Aticliincloss. 

8vo. Cloth. 98.00. 

APPLICATION OF THE SLIDE VALVE and Link Motion to 
Stationary, Portable, Locomotive and Marine Engines, with new 
and simple methods for proportioning the parts. By Williah 
S. AucHmcLoss, Civil and Mechanical Engineer. Designed as^ 
a hand-book for Mechanical Engineers, Master Mechanics, 
Draughtsmen and Students of Steam Engineering. All dimen- 
sions of the valve are found with the greatest ease by means of 
a Printed Scale, and proportions of the link determined without 
the assistance of a model. Illustrated by 37 wood-cuts and 21 
lithographic plates, together with a copperplate engraving of the 
Travel Scale. 

All the matters we have mentioned are treated with a clearness and absence 
of unnecessary verbiage which renders the work a peculiarly yaluable one. 
The Travel Scole only requires to be known to be appreciated. Mr. A. writes 
so ably on Ma subject, we wish he had written n^ore. London J3h^ 
gineering. 

We haye never opened a work relating to steam which seemed to us better 
calculated to give an intelligent mind a dear understanding of the depart- 
ment it discusses. — Bdentifio American, 
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Slide Valve by Eccentrics, by Prof* 
O, W. MacOord- 

4to. niustrated. Cloth, $400. 

A PEACTICAL TiREATISE ON THE SLIDE VALVE BY 
ECOENTEICS, examining by methods,, the action of the Eccen- 
tric upon the Slide Valve, and explaining the practical proces- 
ses of laying out the movements, adapting the valve for its 
various duties in' the steam-engine. For the use of Engineers, 
Draughtsmen, Machinists, and Students of valve motions in 
general. By 0. "W. MacCobd, A. M., Professor of Mechanical 
Drawing, Stevens' Institute of Technology, Hoboken, N J. 



Stillman's Steam-Engine Indicator. 

12mo. Cloth. $1.00. 

THE STEAM-ENGINE INDICATOR, and the Improved Mano- 
meter Steam and Vacuum Gauges ; their utility and application 
By Paul Stillman. New edition. 



Bacon's Steam-Engine Indicator* 

12mo. Cloth. $1.00. Mor. $1.50. 

A TREATISE ON THE RICHAEDS STEAM-ENGINE IN- 
DIGATOR, with directions for its use. By Ohables T. Poetek. 

. Revised, with notes and large additions as developed by Amer- 
ican Practice, with an Appendix containing useful formulae and 
rules for Engineers. By F. W. Bacon, M. E., Member of the 
American Society of Oivil Engineers. Illustrated. Second Edition 

In this work, Mr. Porter's book has been taken as the basis, but Mr. Bacon 
has adapted it to American Practice, and has conferred a great boon on 
American Engineers. — Artisan. 



Bartol on Marine Boilers. 

8vo. aoth. $1.50. 

TEEATISE ON THE MARINE BOILEES OF THE UNITED 
STATES. By H. B. Babtol. lUustrated. 
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Grillmore's Limes and Cements. 

Fourth Ediiion. Revised and Enlargd. 

8vo. OlotK 14.00. 

PRACTICAL TREATISE ON LIMES, HYDRAULIC CE- 
MENTS, AND* MORTARS. Papers on Practical Engineering, 
U. S. Engineer Department, No. 9, containing Reports of 
numerous experiments conducted in New York City, during the 
years 1858 to 1861, inclusive. By Q. A. Gillmore, Brig-General 
TJ. S. Volunteers, and Major U. S. Corps of Engineers. With 
numerous illustrations. 

" This work contains a record of certain experiments and researches made 
nnder the authority of the Engineer Bureau of the War Department from 
1858 to 1861, upon the yarious hydraulic cements of the United States, and 
the materials for their manufacture. The experiments were carefully made, 
and axe well reported and compiled. * — Journal Franklin, Institute, 



Grillmore's Ooignet Beton. 

8yo. Cloth. 12.60. 

COIGNET BETON AND OTHEE AETIFIOIAL STONE. By 
Q. A. GiLLMOBB. 9 Plates, Views, etc. 

This work describes with considerable minuteness of detail the several kinds 
of artificial stone in most general use in Europe and now beginning to be 
introduced in the United States, discusses their properties, relative merits, 

and cost, and describes the materials of which they are composed 

The subject is one of special and growing interest, and we commend the work, 
embodying as it does the matured opinions of an experienced engineer and 
expert. 



Williamson's Praotical Tables* 

4to. Flexible Cloth. |d.50. 

PEAOnOAL TABLES IN METEOEOLOGY AND HYPSO-* 
METBY, in connection with the use of the Barometer. By OoL 
E. S. '\ViLLiAacsoM, U. S. A, 
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Williamson on the Barometer. 

4to. Cloth. 115.00. 
ON THE USE OE THE BAEOMETEE ON SUE7EYS AND 
EEC0NNAISSANCE8. Part L Meteorology in its Connec- 
tion tnth Hypsometry. Part TL Barometric Hypsometry. By 
E. S. Williamson, Bvt. Lieut.-Col. U. S. A.^ Major Corps of 
Engineers. With Illustrative Tables and Engravings. Paper 
No. 15, Professional Papers, Corps of Engineers. 

" Sak Francisco, Oal., -Pfe&. 27, 1867. 
" G«n. A A. HUMPHRBTS, Chief of Engineers, TJ. S. Army : 

'' Genbbal, — ^I have the honor to submit to yon, in the following pages, the 
resnlts of my investigations in meteorology and hypsometry, made with the 
view of asdertaining how far the barometer can be used as a reliable instni- 
ment for determining altitndes on extended lines of siirvey and reconnais- 
sances. These investigations have occupied the leisure permitted me from my 
professional dnties during the last ten years, and I hope the results will be 
deemed of sufficient value to have a place assigned them among the printed 
professional papers of the United States Corps of Engineers. 
" Very respectfully, your obedient servant, 

"R. S. WILLIAMSON, 
*« Bvt Lt-CoL U. S. A., Major Corps of TJ. S. Engineers." 



Yon Ootta's Ore Deposits. 

8vo. Cloth. $400. 

TEEATISE ON OEE DEPOSITS. By Bkenhabb Vow Cotta, 

Professorof Geology in the Boyal School of ]\iines, Ereidberg, 

Saxony. Translated from the second German edition, by 

EsEDEBicK Pbihx, Jr., Mining Engineer, and revised by the 

' author, with numerous illustrations. 

" Prol Yon Cotta of the Ereiberg School of Mines, is the author of the 
best modem treatise on ore deposits, and we ai^ heartily glad that this ad* 
mirable work has been translated and published in this country. The trans- 
lator, Mr. Frederick Prime, Jr., a graduatol of Freiberg, has had in his work 
the great advantage of a revision by the author himself, v^ho decjlares in a 
prefatory note that this may be coonderdd as a new editioai (the third) of his 
own book. 

<' It is a lamely and- welcome ooBtribation-to the literature of mining in 
this country, and we are grateful to the translator for his enterprise «nd good 
3udgment in undertaking its preparation ; while we recognize with equal oor^ 
diaHty the libendity of the author in granting both permission and assist- 
ance."— -J^rtroi^/roff^ B^view in Engineering and Mining Jmu^nai 



Digitized by 



Google 



2?. VAir JSrOSTMAITD. 15 

Plattner's Blow-Pipe Analysis. 

Seoond edation. BeTiaed. SVo. Cloth. |7^ 

PLATTNEE'S MANUAL OF QUALITATIVE AND QUAN- 
TITATIVE ANALYSIS WITH THE BLOW-PIPE. .From 
•the last German edition Revised and enlarged. By Prof. Th. 
EiCHTEK, of the Eoyal Saxon Mining Academy. Tr^slated by 
PK)f. H. B. CoKNWALL, Assistant in the Columbia School of 
Mines, New York ; assisted by John H. Caswell. lUustrated 
with eighty-seven wood-cuts and one lithographic Plate. 560 
pages. 

" Plattner's celebrated work has long been recognized as the only complete 
book on Blow-Pipe Analysis. Thet fourth German edition, edited by Prof. 
Bichter, fully sustains the reputation which the earlier editions acquired dur- 
ing the lifetime of the author, and it is a source of great satisfaction to us to 
know that Prof. Kichter has co-operated with the translator in issuing the 
American edition of the work, which is in fact a fifth edition of the original 
work, being far more complete than the last German edition." — 8Ulman*s 
Journal, 

There is nothing so complete to be found in the English language. Platt- 
ner's book is not a mere pocket edition ; it is intended as a comprehensive guide 
to all that is at present known on the blow-pipe, and as such is really indis- 
pensable to teachers and advanced pupils. 

'' Mr. Cornwall's edition is something more than a translation, as it contains 
many corrections, emendations and additions not to be found in the original. 
It is a decided improvement on the work in its German dress." — Journal of 
AppUed Chemistry, 



Egleston's Mineralogy.. 

8vo. niustrated with 84 Litho^ixaphio Plates. Cloth. $4.50. 

LEOTUEES ON DESCRIPTIVE MINERALOGY, DeUvered 
at the School of Mines, Columbia College. Bt Pkofessob T. 
Eglestok. 

These lectures aro what their title indicates, the lecturer on Mineralogy 
.delivered at the School of Kiajes of Colujnbifr CoUsge. 'Hh^j have been 
printed for the stodents, in order that more time might be given to the vari- 
ous methods of ezamining.and determining minerals. The second part has 
only been printed. The first part, oo]]:^vi«l»g oryvtallbgTaphy j»d ^-pagssCL 
mineralogy, will be printed at some fut^ro tima 
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Pynchon's Chemical Physics. . 

New Edition, Revised and Enlarged. 

Crown 8vo, Cloth. $3.00. 

INTEODUOTION TO CHEMICAL PHYSICS, Designed for the 
Use of Academies, Colleges, and High. Schools. Illustrated with 
numerous engravings, and containing copious experiments with 
directions for preparing them. By Thomas Buggies Pynchoit, 
M.A., Professor of Chemistry and the Natural Sciences, Trinity 
College, Hartford. 

Hitherto, no work suitable for general use, treating of all these subjects 
within the limits of a single yolume, could be found ; consequently the atten- 
tion they have received has not been at all proportionate to their importance. 
It is believed that a book containing so much valuable information within so 
small a compass, cannot fail to meet with a ready sale among all intelligent 
persons, while Professional men, Physicians, Medical Students, Photograph- 
ers, Telegraphers, Engineers, and Artisans generally, will find it specially 
valuable, if not nearly indispensable, as a book of reference. 

''We strongly recommend this able treatise to our readers as the first 
^ work ever published on the subject free from perplexing technicalities. In 
style it is pure, in description graphic, and its typographical appearance is 
artistic. It is altogether a most excellent work." — Eckdic MedicaX Journal. 

" It treats fully of Photography, Telegraphy, Steam Engines, and the 
various applications of Electricity. In short, it is a carefully prepared 
volume, abreast with the latest scientific discoveries and inventions." — narP- 
f**rd CouraTd. 

Plympton's Blow-Pipe Analysis. 

12mo. Cloth. $2.00. 

THE BLOW-PIPE : A System of Instructioii in its practical use 
being a graduated course of Ancdysis for the use of students, 
and all those engaged in the Examination of Metallic Combina- 
tions. Second edition, with an appendix and a copious index. 
By Geoegb W. Pltmpton, of the Polytechnic Institute, Brooklyn, 

" This manual i»robably has no superior in the English langfoage as a text- 
hook for beginners, or as a guide to the student working without a teacher. 
To the latter many illustrations of the utensils and apparatus required in 
using the blow-pipe, as well as the fully illustrated description of the blow- 
pipe flame, will be especially serviceable.*'— iViw York Teacher. 
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Ure's Dictionary. 

»iQCth Edition. 

London, 1872. 
3 vols, 8vo. aoth, $25.00. Half Russia, $32.50. 

DICTIONARY OF ARTS, MANUFACTURES, AND MINES. 
By Andrew Uee, M.D. Sixth edition. Edited by Robert Hunt, 
F.R.S., greatly enlarged and rewritten. 



Brande and Cox's Dictionary. 

New Edition. 

London, 1872. 
3 Tolfl. 8vo. Cloth, $20.00. Half Morocco, $27.50. 

A Dictionary of Science, Literature, and Art. Edited by W. T. 
Bkande and Rev. Geo. W. Cox. New and enlarged edition. 



Watt's Dictionary of Chemistry. 

Supplementary Volume. 

8vo. Cloth. $9.00. 

This volume brings the Reoord of Chemical Discovery down to the end of 
the year 1869^ inclndinsf also several additions to, and corrections of, former 
results which have appeared in 1870 and 1871. 

*^* Complete Sets of the Work, New and Bevised edition, including- above 
supplement 6 vols. 8vo. Cloth. $62.00. 



Rammelsberg's Chemical Analysis. 

8vo.. Cloth. $2J85. 

GUIDE TO A COURSE OF QUANTITATIVE CHEMICAL 
ANALYSIS, ESPECIALLY OF MINERALS AND FUR- 
NACE PRODUCTS. Illustrated by Examples. By C. F. 
Bammelsberg. Translated by J. Towlbe, M.D. 

This work has been translated, and is now published expressly for those 
students in chemistry whose time and other studies in colleges do not permit 
them to enter upon the more elaborate and expensive treatises of Fresenius 
and others. It is the condensed labor of a master in chemistry and of a prac- 
tical analysts 
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Eliot and Storer^s Qualitative 
Chemical Analysis. 

Tfew JSdition, Revised. 

12mo. lUustrated. Cloth. $1.50. 

A COMPENDIOUS MANUAL OP QUALITATIVE CHEMI- 
CAL ANALYSIS. By Chakles W. Euot and Frank H. Storer. 
Bevised with the Cooperation of the Authors, by William Rip- 
let Nichols, Professor of Chemistry in the Massachusetts Insti- 
tute of Technology. 

'^ This Hanual has great merits as a practical introduotioii to the science 
and the art of which it treats. It contains enough of the theory and practice 
of qnalitative analysis, ** in the wet way,*' to bring oat all the reasoning in^^ 
Tolyed in the science, and to present clearly to the student the most approved 
methods of the art. It is specially adapted for exerdaes and experiments in 
the laboratory; and yet its olassiflcations and manner of treatment are so 
systematic and logical throughout, as to adapt it in a high degree to that 
higher class of students generally who desire an accurate knowledge of the 
practical methods of arriving at scientific facts.'* — Lutheran Obeerver, 

** We wish every academical class in the land could have the benefit of the 
fifty exerclMs of two hours each necessary to master this book. Chenustiy 
would cease to be a mere matter of memory, and become a pleasant experi- 
mental and int^ectual Tecreation. We heartily commend this Httle volume 
to the notice of Aose teachers who believe in using the acieiiioes as means of 
mental discipline." — OoUegs OauranL 



Craig's Decimal System. 

Bquaie 82nio. limp. 6O0. 

WEIGHTS AND MEASURES. An Account, of the Decimal 
. System, with Tables of ConTersion fat Commercial and Scientific 
Uses. By B. F. Crato, M. D. 

*' The most lucid/ aoMirat^ and useful of «ll th^haad-boo|kS'<Mi this salijeot 
that we have yet seen. It gives forty-seven tables pf comparison between tiie 
English and Vieuoh lienomlnations of Imiflttti, tffea, capacity, weight, and the 
Centigrade anil yato^nheit th er mom eters, with olettr instmctians how to use 
them; itndtollilB piMtioail portion, wWrih Mps to mske the tnmsition as 
Mwy as powlble,'1vpfi$fi3c9i avahntlfto exptanatlon of the wion inlkvuielflBiD 
lystem, and how they may be eorrec t ed in tha laboratovy.**^— wB^bUba. 
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Nugent on Optics. 

12mo. Cloth. 92.00 

TKEATISE ON OPTICS ; or, Light and Sight, theoretically and 
practically treated ; with the application to Fine Art and Indus- 
trial Pursuits. By K Nuosin:. With one hundred and three 
illustrations. 

" This book is of a practieal rather than a theoretical kind, and is de- 
signed to aifofd aoomate and oomplete inf mnnation to all interested in appli- 
oations of thasoaenoe."— JicmfMf Tablt. 



Barnard's Metric System. 

8vo. Brown cloth. $3.00. 

THE METRIC SYSTEM OF WEIGHTS AND MEASURES. 
An Address delivered before the Convocation of the University of 
the State of New York, at Albany, August, 1871. By Fbedebick 
A. P. Babnabd, President of Columbia College, New York City. 
Second edition from the Revised edition printed for the Trustees 
of Columbia College. Tinted paper. 

^ It is the hest summary of the arguments in favor of the metric weights 
and measures with which we are acquainted, not only because it contains in* 
small space the leading facts of the case, but because it puts the advocacy of 
that system on the only tenable grounds, namel j, the great convenience of a 
, decimal notation of weight and measure as well as mone j, the value of inter- 
national uniformity in the matter, and the fact that this metric system is 
adopted and in ganfiral use bj the majority of civilized nations." — The Hfotiion, 



The Young Medaania 

lUaa^tsd. Itea COoth. f 1.75. 

THE YOTTNG MDCMANIO. Gonlainmg ^Urcetioiis for the me 
of all Mods of to(xU> ftnd £yr tiie lOoivitnMtion of steam fogiim 
isd oMfshttoical modek, wc^uding tl^ Art of Toiming in Wood 
MdJUcAiO. Bj Ihe .author of "Xht In^ttie Aod its TJa^e,'* eio 
Vtcm tbe Kngliiih edition, with correoiioiia. 
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Harrison's Mechanic's Tool-Book. 

12mo. Cloth. $1.50. 

MECHANIC'S TOOL BOOK, with practical rules and suggestions, 
for the use of Machinists, Iron Workers, and others. By W. B. 
Hakrison, Associate Editor of the " American Artisan." Illustra- 
ted with 44 engravings. 

'* This work is sx)eciall7 adapted to meet the wants of Machinists and work- 
ers in iron generally. It is made up of the work-day experience of an intelli- 
gent and ingenious mechanic, who had the faculty of adapting tools to various 
purposes. The practicability of his plans and suggestions are made apparent 
even to the unpractised eye by a series of well-executed wood engravings." — 
Philadelphia Inquirer, 

Pope's Modern Practice of the Elec- 
tric Telegraph. 

Eighth Ei^ition. 8vo. Cloth $2.00. 

A Hand-book for Electricians and Operators. By Fkank L. Pope. 
Seventh edition. Revised and enlarged, and fully illustrated. 

Extract from Letter of Prof Morse. 

" I have had time only cursorily to examine its contents, but this examina- 
tion has resulted in great gratification, especially at the fairness and unpre- 
_ judiced tone of your whole work. 

" Your illustrated diagrams are admirable and beautifully executed. 

" I think all your instructions in the use of the telegraph apparatus judi- 
cious and correct, and I most cordially wish you success." 

Extract from Letter of Prof O. W. Hov^h, of the Dudley Observatory, 

" There is no other work of this kind in the English language that con- 
tains in so small a compass so much practical information in the application 
of galvanic electricity to telegraphy. It should be in the hands of every one 
interested in telegraphy, or the use of Batteries for other purposes." 



Morse's Telegraphic Apparatus. 

Illustrated, 8va Cloth. $3.00. - 

EXAMINATION OF THE TELEGEAPHIO APPARATUS 
AND THE PEOCESSES IN TELEGAPHY. By Samuel E. 
B. MoBSE, LL.D., United States Commissioner Paris Universal 
Exposition, 1867. - 
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Sabine's History of the Telegraph. 

12mo. Cloth. $1.25. 

HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, with Descriptions of some of tlie Apparatus, By 
BoBEBT Sa^bine, C. E. Second edition, with additions. 

Contents.— I. Early Obserratioiis of Eleotrioal Phenomena. H. Tele- 
graphs by Frictional Electricity. IIL Telegraphs by Voltaic Electricity. 
rV. Telegraphs by Electro-Magnetism and Magneto-Electricity. V. Tele- 
graphs now in use. VI. Overhead Lines. VH. Submarine Telegraph Lines. 
Vin. Underground Telegraphs. IX. Atmospheric Electricity. 



Haskilis' Galvanometer. 

Pocket form. Illastrated. Morocco tockfl. $2.00. 

THE GALVANOMETER, AND ITS USES; a Manual for 
Electricians and Students. By 0. H. Haseins. 
" We hope this excellent little work will meet with the sale its merits 
entitle it to. To every telegrapher who owns, or uses a Galyanometer, or 
ever expects to, it will be quite indispensable."— jT^ Telegrapher* 



Culley's Hand-Book of Telegraphy. 

8vo. Cloth. $6.00L 
A HAND-BOOK OP PRACTICAL TELEGRAPHY. By 
R. S. CuLLBY, Engineer to the Electric and International 
Telegraph Company. Fifth edition, revised and enlarged. 



Foster's Submarine Blasting. 

4to. Cloth. $3.50. 

SUBMARINE BLASTING in Boston Harbor, Massachusetts- 
Removal of Tower and Corwin Rocks. By John G. Fosteb, 
Lieutenant-Colonel of Engineers, and Brevet Major-General, U. 
S. Army. Illustrated with seven plates. 

List of Plates. — 1. Sketch of the Narrows, Boston Harbor. 2. 
Townsend's Submarine Drilling Machine, and Working Vessel attending. 
3. Submarine Brilling Machine employed. 4 Details of Drilling Machine 
employed. 5. Cartridges and Tamping used. 6. Fuses and Insulated T^ires 
used. 7. Portable Friction Battery used. 
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Barnes^ Submarine Warfare. 

8to. Cloth. 15.00. 

8UBMAEINE WARFARE, DEFENSIVE AND OFFENSIVE. 
Comprising a fall and complete Histozy of the Invention of the 
Torpedo, its employment in War and results of its nse. De- 
scriptions of the Tarious forms of Torpedoes, Submarine Batteries 
and Torpedo Boats actually used in War. Methods of Ignition 
by Machinery, Contact Fuzes, and Electricity, and a full accoxmt 
of experiments made to determine the Explosive Force of Ghm- 
powder under Water. Also a discussion of the Offensive Torpedo 
system, its effeet upon Iron-Clad Ship systems, and influence upon 
Future Naval Wars. By Lieut.-Commander John S. Barves, 
U. S. N. With twenty lithographic plates and many wood-cuts. 

<* A book important to milititry men, and especially so to engineers and ar- 
tillerists. It consists of an examination of the yarioos offensive and defensive 
engines that have been contrived for submarine hostilities, including a discus- 
sion of the torpedo system, its effects upon iron-clad ship-systems, and its 
probable influence upon future naval wars. Plates of a valuable character 
accompany the treatise, which affords a useful history of the momentous sub- 
ject it diaonsBes. A gxeai deal of usefol iufdrmation is oollecfted m its pages, 
especially concerning the inventions of ScHOLii and Yekdu, dtid of JoKss' 
and Hunt's batteries, as well as of other silnilar machines, and the use in 
submarine operations of gun-cotton and nitro^ycari2ie.'*-^jr. T, TimM, 



Randall's Qiiaxtz Operator's Hand- 

Book. 

ll^mo. Cloth. $2.00.' 

QUARTZ OPERATOR'S HAND-BOOK. By P. M. R^toall. 

New edition, revised and enlarged. FttUy illustrated. 

The object of this work hat been to praeent a dear and comprehensive ex- 
position of mineral veins, and the means and modes chiefly employed for the 
mining and workixig of their oxes — ^moro especially those containing gold and 
silver. 
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Mitoheirs Manual of Assayiag. 

Syo. Cloth. I10.0Q. 

A MANUAL OF PEACTICAL ASSAYING. ByJoro Mttchmx. 
Third edition. Edited by William Ceookbs, r.E.S. 

In tlua edition are inooxponted all the late importani disooTeries in Aaaay* 
ing made in this oountry and abroad* and special care is devoted to the yerjr 
important Volumetric and Colorimetric Assays, as well as to the Blow-Pipe 
Assays. 



Ben^t's Chronoscope. 

Second Edition* 

Illustrated. 4to. Cloth. $8.00. 

ELECTEO-BALLISTIC MACHINES, and the Schultz Chrono- 
scope. By Lieutenant-Colonel S. V. Beij et, Captain of Ordnance, 
U. S. Army. 

Contents. — 1. JSallistio Ftendulum. 2. Gun Pendulum. 3. Use of Elec- 
tricity. 4. Kavez* Machine. 5. Yignotti's Machine, with Plates. 6. Benton*s 
Eleotro-Ballistio Pendulum, witii Plates. 7, Leur's Tro-Pendulum Machine 
8. Schultz's Chronoscope, with two Plates. 



Miohaelis' Chronograph. 

4to. Illustrated. Cloth. |d.O0L 

THE LE B0ULENGJ6 CHEONOGBAPH. With ihiee Uiho- 
graphed folding plates of illustrations. By Brevet Captain K 
MicHAELis, First Lieutenant Ordnance Corps, U. 8. Army. 

" The excellent monog^ph of Captain Michaelis enters minutely into the 
details of construction and management, and gives tables of the times of flight 
calculated upon a given fall of the chronometer for all distances. Captain 
Michaelis has done good service in presenting this work to his brother officers, 
describing, as it does, an instrument which bids fair to be in constant use in 
our future ballistio experiments.' — Army and Navy Journal, 
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Silversmith's Hand-Book, 

Fourth Edition, 

Illndtrated. 12mo. Cloth. |3.00. 

A PEACnCAL HAND-BOOK FOE MINERS, MetaUurgists, 
and Assayers, comprising the most recent improvements in the 
disintegration, amalgamation, smelting, and parting of the 
Precious Ores, with a Comprehensive Digest of the Mining 
Laws. Greatly augmented, revised, and corrected. By Julius 
SiLVEESMiTH. Fourth edition. Profusely illustrated. 1 vol. 
12mo. aoth. $3.00. 

One of the most imx)ortant features of this work is that in which the 
metallurgy of the precious metals is treated of. In it the author has endeav- 
ored to embody all the proce^^ses for the reduction and manipulation of the 
precious ores heretofore successfully employed in Germany, England, Mexico, 
and the United States, together with such as have been more recently invented, 
and not yet fully tested — all of which are profusely illustrated and easy of 
comprehension. 



Simms' Levelling. 

8vo. Cloth. $2.50. 

A TREATISE ON THE PEINCIPLES AND PRA.CTICE OF 
LEVELLING, showing its application to purposes of Railway 
Engineering and the Construction of Roads, &c. By Frkderick 
W. SiMMs, C. E. From the fifth London edition, revised and 
corrected, with the addition of Mr. Law's Practical Examples for 
Setting Out Railway Curves. Illustrated with three lithographic 
plates and numerous wood-cuts. 

" One of the most important text-books for the general surveyor, and there 
is scarcely a question connected with levelling for which a solution would be 
sought, but that would be satiflfactorily answered by consulting this volume." 
— Mining Journal, 

*' The text-book on levelling in most of our engineering schools and col- 
leges."— -^7ifl^m««r«. 

** The publishers have rendered a substantial service to the profession, 
especially to the younger members, by bringing out the present edition of 
Hr. Simms useful work." — Engineenng. 
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Stuart's Successful Engineer. 

18mo. BoaTdfl. 60 cents. 
HOW TO BECOME A SUCCESSFUL ENGDOIER: Being 

Hints to Youths inten&ng to adopt the Profession. By 

Bernard Stuart, Engineer. Sixth Edition. 

•' A valuable little book of sound, aensible advice to young men who 
wish to rise in the most important of the professions."-— iSbMn/»>i6 American. 



Stuart's Naval Dry Docks. 

Twenty-four engravings on steel. 

Fourth Edition. 

4to. Cloth. $6.00. 

THE NAVAL DRY DOCKS OF THE UNITED STATES. 
By Chables B. Stuabt. Engineer in Chief of the United States 
Navy. 

List of lUustrcUiona, 

Pumping Engine and Pumps — ^Plan of Dry Dock and Pump-Well -Sec- 
tions of Dry Dock — Engine House — ^Iron Floating Gate — Details of Floating 
Gkite — Iron Turning Gtate — Plan of Turning Gate — Culvert Gate — Filling 
Culvert Gates — Engine Bed — Plate, Pumps, and Culvert — Engine House 
Boof — ^Floating Sectional Dock — Details of Section, and Plan of Tum-Tables 
— ^Plan of Basin and Marine Railways — Plan of Sliding Frame, and Elevation 
of Pumps — ^Hydraulic Cylinder — Plan of Gearing for Pumps and End Floats 
— Perspective View of Dock, Basin, and Railway — Plan of Basin of Ports- 
mouth Dry Dock — Floating Balance Dock — Elevation of Trusses and the Ma- 
chinery—Perspective View of Balance Dry Dock 



Free Hand Drawing. 

Profusely Illustrated. 18mo. Boards. 50 cents. 

A GUIDE TO ORNAMENTAL, Figure, and Landscape Draw- 
ing. By an Art Student. 

Contents. — Materials employed in Drawing, and how to use them — On 
Lines and how to Draw them — On Shading — Concerning lines and shading, 
with applications of them to simple elementary subjects-^Sketohes from Na- 
ture. 
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Minifie's Meohanical Drawing. 

Eighth Edition. 

Boyal 8yo. Cloth. $4.00. 

A TEXT-BOOK OF aEOMETRlCAL DRAWING for the use 
of Mechanics and Schools, in which the Definitions and Bules of 
Gfeometay are fitmiliarly explained ; the Fraetieal Problems, ave 
arranged, fix)m the most simple to the more complex, and in their 
description technicahties are avoided as much as possible. With 
illustrations for Drawing Plans» Sections, and Elevations of 
Buildings and Machinery; an Introduction to Isometrical Draw- 
ing, and an Essay on Linear Perspective and Shadows. Illus- 
trated with over 200 diagrams engraved on steel. By Wm. 
MiNiPiE, Architect. Eighth Edition. With an Appendix on the 
Theory and Application of Colors. 

** It is the best work on Drawing that we have ever seen, and is especially a 
text-book of Geometrical Drawing for the use of Mechanics and Schools. No 
young Mechanic, such as a Machinist, Engineer, Cabinet-Maker, Millwright, 
or Carpenter, should be without it." — Seientiflc American, 

** One of the most comprehennve works of the kind ever published, and can- 
not but possess great value to builders. The style is at once elegant and sub- 
stantial.'' — Pennsylvania Inquirer, 

" Whatever is said is rendered perfectly intelligible by remarkably well- 
executed diagrams on steel, leaving nothing for mexe vague supposition ; and 
the addition of an introduction to isometrical drawing, linear perspective, and 
the projection of shadows, winding up with a useful index to technical tenna." 
— Glasgow Mechanics' JoumaL 

IW The British Government has authorized the use of this book in their 
schools of art at Somerset Hduse, London, and throughout the kingdom* 



Minifie's Geometrical Drawing. 

yew Edition. Enlarged. 

12mo. Cloth. $2.00. 

aEOMETBIOAL DBAWING. Abridged from tke octavo editiaa, 
for the use of Schools. Illustrated with 48 steel plates. New 
edition, enlarged. 

** It is well adapted as a text-book of drawing to be used in our High Schools 
and Academies where, this useful branch of the fine arts has been hitherto too 
much neglected." — Boston Journal. 
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Bell on Iron Smelting. 

8vo. Cloth. 16.09, 

CHEMICAL PHENOMENA OF lEON SMELTING. An ex- 
perimental and practical examination of the circumstances which 
determine the capacity of the Blast Furnace, the Temperature 
of the Air, and the Proper Condition of the Materials to be 
operated upon. By L Lowthiak Bell. ' 

*^ The reactions which take place in every foot of the blast-fomace have 
Been inyestigated, and the nature of every step in the process, from the intro- 
duction of the raw material into the furnace to the production of the pig iron, 
has been carefully ascertained, and recorded so fully that any one in the trade 
can readily avail themselves of the knowledge acquired ; and we have no hes- 
itation in saying that the judicious application of such knowledge will do 
much to facilitate the introduction of arrangements which will stiQ further 
economize fuel, and at the same time permit of the quality of the resulting 
metal being maintained, if not improved. The volume is one which no prac- 
tical pig iron manufacturer can afford to be without if ho be desirous of en- 
tering upon that competition which nowadays is essential to progress, and 
in issuing such a work' Mr. Bell has entitled himself to the best thanks of 
every member of the trade." — London Mining JournaL 



King's Notes on Steam. 

Thirteenth Edition* 

8vo. COoth. $2.00. 

LESSONS AND PEACTICAL NOTES ON STEAM, the Steam- 
Engine, Propellers, &c., &c., for Young Engineers, Students, and 
others. By the late W. B. King, U. S. N. Eevised by Chief- 
Engineer J. W. KivQf U. S. Navy. 

** This is one of the best, because eminently plain and practical treatises on 
the Steam Engine ever published. ' — PhiladelpJua Press, 

This is the thirteenth edition of a valuable work of the late "W. H. King, 
XT. S. N. It contains lessons and practical notes on Steam and the Steam En- 
gine, Propellers, etc. It is calculated to be of g^reat use to young marine en- 
gineers, students, and others. The text is illustrated and explained by nu- 
merous diagrams and representetions of machinery.— ^M^on Daily Adver* 
User. 

Text-book at the U. S. Naval Aoadetmy, Amui^lii. 
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Burgli's Modern Marine Engineering. 

One thick 4to voL Cloth. $25.00. Half morocco. $30.00. 

MODEEN MAEINE ENGINEERING, appUed to Paddle and 
Screw Propulfiion. Consisting of 36 Colored Plates, 259 Practical 
Wood-cut Illustrations, and 403 ptiges of Descriptive Matler, the 
whole being an exposition of the present practice of the follow- 
ing firms : Messrs. J. Penn & Sons ; Messrs. Maudslay, Sons & 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Ronnie ; 
Messrs. R. Napier & Sons ; Messrs. J. & W. Dudgeon ; Messrs. 
Ravenhill & Hodgson ; Messrs. Humphreys & Tenant ; Mr. 
J. T. Spencer, and Messrs. Forrester & Co. By N. P. Buson, 
Engineer. 

PniNCiPAL Contents. — Gteneral Arrangements of Engines, 11 examples 
— Greneral Arrangement of Bailers, 14 examples — Greneral Arrangement of 
Superheaters, 11 examples — Details of 'Oscillating Paddle Engines, 34 ex- 
amples — Condensers for Screw Engines, both Injection and Surface, 20 ex- 
amples — Details of Screw Engines, 20 examples — Cylinders and Details of 
Screw Engines, 21 examples — Slide Valves and Details, 7 examples — Slide 
Valve, Link Motion, 7 examples — Expansion Valves and G-ear, 10 exam- 
ples — Details in General, 30 examples - Screw Propeller and Fittings, 13 ex- 
amples Engine and Boiler Fittings, 28 examples In relation to the Princi- 
ples of the Marine Engine and Boiler, 83 examples. 

Notices of the Press, 

*< Every conceivable detail of the Marine Engine> under all its various 
forms, is profusely, and we must add, admirably illustrated by a multitude 
of engravings, selected from the best and most modem practice of the first 
Marine Engineers of the day. The chapter on Condensers is peculiarly valu- 
able. In one word, there is no other work in existi noe which will bear a 
moment's comparison with it as an exponent of the skill, talent and practical 
experience to which is due the splendid reputation enjoyed by many British 
Marine Engineers." - j&/>^i7W€r. 

*• This very comprehensive work, which was issued in Monthly parts, has 
just been completed. It contains large and full drawings and copious de- 
scriptions of most of the best examples of Modem Marine Engines, and it is 
a complete theoretical and practical treatise on the subject of Marine "Emgi- 
ne&nxig,^— American Artisan, 

This is the only edition of tho above work with the beautifully colored 
plates, and it is out of print in England. 
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Bourne's Treatise on the Steam En- 
gine. 

Ninth Edition* 

lUnstrated. 4to. Cloth. $15.00. 
TREATISE ON THE STEAM ENGINE in its various appHca- 
tions to Mines, Mills, Steam Navigation, Bailways, and Agricul- 
ture, with the theoretical investigations respecting the Motive 
Power of Heat and the proper Proportions of Steam Engines. 
Elaborate Tables of the right dimensions of every part, and 
Practical Instructions for the Manufacture and Management of 
every species of Engine in actual use. By John Bouene, being 
the ninth edition of "A Treatise on the Steam Engine," by 
the " Artisan Club." Illustrated by thirty-eight plates and five 
hundred and forty-six wood-cuts. 

As Mr. Boume*s work haa the great merit of ayolding unsound and imma- 
ture views, it may safely be consulted by all who are really desirous of ac- 
quiring trustworthy information on the subject of which it treats. During 
the twenty-two years which have elapsed from the issue of the first edition, 
the improvements introduced in the construction of the steam engine have 
been both numerous and important, and of these Mr. Bourne has taken care 
to. point out the more prominent, and to furnish the reader with such infor- 
mation as shskjl enable him readily to judge of their relative value. This edi- 
tion has been thoroughly modernized, and made to accord with the opinioi^s 
and practice of the more successful engineers of the present day. All that 
the book professes to give is given with ability and evident care.- The scien- 
tific principles which are permanent are admirably explained, and reference 
is made to many of the more valuable of the recently introduced engines. To 
express an opinion of the value and utility of such a work as Tlie Artisan 
Club's Treatise on tJie Steam Engine, which has passed through eight editions 
already, would be superfluous ; but it may be safely stated that the work is 
worthy the attentive study of all either engaged in the manufacture of steam 
engines or interested in economizing the use of steam. — Mining Journal, 



Isherwood's Engineering Precedents. 

Two Vols, in One. 8vo. Cloth. $2.50. 

ENGINEERINa PRECEDENTS FOR STEAM MACHINERY. 
Arranged in the most practical and useful manner for Engineers. 
By B. F. IsHERWooD, Civil Engineer, U. S. Navy. With illus- 
trations. 
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Ward's Steam for the Million. 

New and JRevised Edition. 

8yo. Cloth. 11.00, 

STEAM FOR THE MILLION. A Popular Treatise on Steam 
and its Application to the Useful Arts, especiaUy to Naviga- 
tion. By J. H. Wabd, Commander IT. 8. Navy. New and re- 
vised edition. 

A most excellent work lor the young engineer and general reader. Many 
facts relating to the management of the boiler and engine are set forth with a 
simplicity of language and perfection of detail that bring the subject home 
to the reader. — Amerioan Engineer, 



Walker's Screw Propiilsioii, 

8to. Cloth. 75 cents. 

NOTES ON SCREW PROPULSION, its Rise and History; By 
Capt. W. H. Walilbb, U. S. Navy. 

Commander Walker's book contains an immense aniount of conoise praoti-' 
cal data, and every item of information recorded folly proves that the various 
points bearing upon it have been vreU considered previously to expressing an 
opinion. — lAmdon Mining JoumaL 



Page's Earth's Crust. 

ISmo. Cloth. 75 cents. 

THE EARTHS CRUST : a Handy Outline of Qeol<^. By 
Davis Pa6«. 

** Such a work ati-this wai flftuch iK«ntedf^«A workjgiving in clear and intel- 
ligible outline the leading facts of the science, without amplification or irk- 
some details, it is admirable in aaprangeBient, and elear «ad easy, .and, at the 
#ainetiiae,{ocoibleiniatfU* li will lead, we hope* tp the intvoductiea of 
Geology ojiio many aehools that hm^ acdlber time nor xooia |br ithe study of 
large traatises.''— - J^ JfiiMiMk 

. a .il ■ i.i, > » ■ >■ 'T ifc 1 I . Il l I .11, 1 , n il -> . . ■ ■■ ■ iii MM -ii i ifc - i n «a tf#in fc> M >i. M i ^ 'iM i rt r .^^4. 
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Rogers' Gteology of Pennsylvania. 

8 Vols. 4to, with Portfolio of Ifaps. Olotih. fSO.OO. 

THE GEOLOGY OF PENNSYLVANIA. A Government Sur- 
vey. With a general view of the Geology of the* United States, 
Essays on the Ooal Formation and its Fossils, and a description 
of the Ooal Fields of North America and Great Britain. By 
Henet Dahwin Eogsrs, Late State Geologist of Pennsylvania. 
Splendidly illustrated with Plates and Engravings in the Text 

It certainly should be in every public library woroughout the country, and 
likewise in the possession of all students of Ckolog^. After the final sale of 
these copies, the work will, of course, become more valuable. 

The work for the last five years has been entirely out of the market, 1>ut a 
few copies that remained in the hands of Prof, ^^ogers, in Scotland, at the 
time of his death, are now offered to the -public, at a prioe which is even 
below what it was originally sold for when first published. 



Morfit on Pare Fertilizers. 

With 28 niustrative Plates. 8vo. Cloth. $20.00. 

A PRACTICAL TEEATISE ON PURE FERTILIZEES, and 
the Chemical Conversion of Rock Gnanoe, HidJurlstones, Coprolites, 
and the Crude Phosphates of Lime and Alumina Generally, into 
yarious Valuable Products. By Campbell Mo&fit, M.D., F.C.S. 



Sweet's Report on Coal. 

8vo. Cloth. $8.00. 

SPECIAL REPORT ON COAL ; showing its Distribution, CBassi- 
fication, and Cost delivered over different routes to various points 
in the State of New York, and the principal cities on the Atlantic 
Coast. ByS. H.Swsffr. Widimaps. 



Colbtum's Gtas Works of Loiidon. 

tSmo. Bosrds. OOceiiti. 
QAS WORKS OF LONDON. By Zirih Oolbtoh. 

'* ] \ J im * > !■»■ .■ > I .I ■■ ■ • ■ K dll.. ■■ I .... ■ ■■■■ ■ ■ M l ■! li a^ l^ M^ V i V 'l t'U l '^l fi y ' P' ^i. ' ^ ■ 
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The Useful Metals and their Alloys ; 
Scoffren, Truran, and others. 

Fifth Edition. 

8yo. Half calf. $3.75. 
THE USEFUL METALS AND THEIE ALLOYS, including 
MINING VENTILATION, MINING JURISPEUDENCE 
AND METALLURGIC CHEMISTRY employed in the conver- 
sion of IRON, COPPER, TIN, ZINC, ANTIMONY, AND 
LEAD ORES, with their applications to THE INDUSTRIAL 
ARTS. By John Soofpebn, William Tehran, William Clay, 
Robert Oxland, William Fairbairn, W. C. Aitkin, and Wil- 
liam VosE Pickett. 



.Collins^ Usefiil Alloys. 

18mo. Flexible. 75 cents. 

THE PRIVATE BOOK OF USEFUL ALLOYS and Memo- 
randa for Goldsmiths, Jewellers, etc. By James E. Collins 

This little book is compiled from notes made by the Author from the 
papers of one of the largpest and most eminent Manufacturing Qoldsmiths and 
Jewellers in this country, and as the ^rm is now no longer in existence, and the 
Author is at present engaged in some otlTer undertaking, he now offers to the 
public the benefit of his experience, and in so doing he begs to state that all 
the alloys, etc., given in these pages may be confidently relied on as being 
thoroughly practicable. 

The Memoranda and Receipts throughout this book are also compiled 
from practice, and will no doubt be found ujieful to the practical jeweller. 
—Shirley, JvXy, 1871. 

Joynson's Metals Used in Construction. 

12mo. Cloth. 75 cents. 

THE METALS USED IN CONSTRUCTION: Iron, Steel, 
Bessemer Metal, etc., etc. By Fbancis Hebbebt Joynson. Il- 
lustrated. 

''In the interests of practical science, we are bound to notice this work; 
and to those who wish further information, we should say, buy it ; and the 
outlay, we honestly believe, will be considered well spent.^* — ScierUifi6 
Review, 
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HoUey's Ordnance and Armor. 

493 Engravings. Half Roan, |10.00. Half Russia, $12.00. 

A TREATISE ON ORDNANCE AND ARMOR^Embracing 
Descriptions, Discussions, and Professional Opinions concerning 
the Material, Fabrication, Requirements, Capabilities, and En- 
durance of European and American Guns, for Naval, Sea Coast, 
and Iron-clad Warfare, and their Rifling, Projectiles, and 
Bregch-Loadino ; also. Results of Experiments against Armor, 
from Official Records, with an Appendix referring to Gun-Cotton, 
Hooped Guns, etc., etc. By Alexander L. HoixEr, B. P. 948 
pages, 493 Engravings, and 147 Tables of Results, etc. 

Contents. 

Chapter I. — Standard Guns and their Fabrication Described: Section 1. 
Hooped Guns; Section 2. Solid Wrought Iron Guns; Section 3. Solid Steel 
Guns ; Section 4 Oast-Iron Guns. Chapter IL — The Bequirements of Guns, 
Armor: Section 1. The Work to be done ; Section 2. Heavy Shot at Low Ve- 
locities ; Section 3. Small Shot at High Velocities ; Section 4. The two Sys- 
tems Combined; Sciction 5. Breaching Masonry. Chapter III. — The Strains 
and Structure of Guns: Section 1. Resistance to Elastic Pressure; Section 2. 
The Eflfects of Vibration; Section 3. The Effects of Heat. Chapter IV.— 
Cannon Metals and Processes of Fabrication: Section 1. Elasticity and DuctiU 
ity; Section 2. Cast-Iron; Section 8. Wrought Iron; Section 4. Steel; Sec- 
tion 5. Bronze ; Section 6. Other Alloys. Chapter V. — Rifling and Projec- 
tiles; Standard Forms and Practice Described; Early Experiments; The 
Centring System ; The Compressing System ; The Expansion System ; Armor 
Punching Projectiles ; Shells for Molten Metal ; Competitive Trial of Rifled 
Guns, 1862 ; Duty of Rifled Guns: General Uses, Accuracy, Range, Velocity, ■ 
Strain, Liability of .Projectile to Injury; Firing Spherical Shot from Rifled 
Guns ; Material for Armor-Punching Projectiles ; Shape of Armor-Punching 
Projectiles; Capacity and Destructiveness of Shells; Elongated Shot from 
Smooth Bores ; Conclusions ; Velocity of Projectiles ( Table » Chapter VL — 
Breech-Loading Advantages and Defects of the System; Rapid Firing and 
Cooling Guns by Machinery; Standard Breech-Loaders Described. Part Sec- 
ond: Experiments against Armor; Account of Experimmits ffom Official 
Records in Chronological Order. Appendix. — Report on the Application of 
Gun-Cotton to Warlike Purposes — British Association, 1863; Manufacture and 
Experiments in England ; Guns Hooped with Initial Tension — History; How 
Guns Burst, by Wiard, Lyman's Accelerating Gun; Endurance of Parroit 
and Whitworth Guns at Charleston ; Hooping old United States Cast-iron 
Guns ; Endurance and Accuracy of the Armstrong 600-pounder; Competitive 
Trials with 7-inch Guns. 
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Peirce's Analytic Mechanics. 

4to. Cloth. $10.00. 

SYSTEM OP ANALYTIC MECHANICS. Physical and Celestial 
Mechanics. By BsirjAitiN Peircb, Perkins Professor of Astronomy 
and Mathematics in HWard University, and Consulting As- 
tronomer of the American Ephemeris and Nautical Almanac. 
Developed in four systems of Analytic Mechanics, Celestial 
Mechanics, Potential Physics, and Analytic Morphology. 

'• I have re-examined the memoirs of the great geometers, and have striven 
to consolidate their latest researches and their most exalted forms of thought 
into a consistent and uniform treatise. If I have herehy succeeded in open- 
ing to the students of my country a readier access to these choice jewels of 
intellect ; if their brilliancy is not impaired in this attempt to reset them ; if, 
in their own constellation, they illustrate each other, and co&centrate 
a stronger light upon the names of their discoverers , and, still more, if any 
gem which I may have presumed to add is not wholly lustreless in the collec- 
tion, I shall feel that my work has not been in vain." — Extract from the Pre' 
face. 

Burt's Key to Solar Compass. 

Second Edition, 

Pocket Book Form. Tuck. |2.50. 

KEY TO THE SOLAE COMPASS, and Surveyor's Companion ; 
comprising all the Eules necessary for use in the field; also, 
Description of the Linear Surveys and Public Land System of 
the United States, Notes on the Barometer, Suggestions for an 
outfit for a Survey of four months, etc., etc., etc. By W. A. 
BuET, U. S. Deputy Surveyor. Second edition. 



Ohauvenet's Lunar Distances. 

8vo. Cloth. $2.00. 

NEW METHOD OF CORRECTING LUNAR DISTANCES, 
and Improved Method of Finding the Error and Rate of a Chro- 
nometer, by equal altitudes. By Wm. Chatjvekbt, LL.D., Chan- 
cellor of Washington University of St. Louis. 
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Jeffers' Nautical Surveying. 

Illasti^ted with 9 Copperplates and 31 Wood-out lUustrations. 8yo. 
Cloth. $6.00. 

NAUTICAL SUEVEYING. By William N. Jefpers, Captain 

U. S. Navy. 

Many books have been written on each of the subjects treated of in the 
sixteen chapters of this work; and, to obtain a complete knowledge of 
geodetic surveying requires a profound study of the whole range of , mathe- 
matical and physical sciences ; but a year of preparation should render any 
intelligent officer competent to conduct a nautical survey. 

Contents.— Chapter L Formulas and Constants Useful in Surveying 
IL Distinctive Character of Surveys. IIL Hydrographic Surveying under 
Sail ; or, Running Survey. JV. Hydrographic Surveying of Boats ; or, Har- 
bor Survey. V. Tides — Definition of Tidal Phenomena — Tidal Observations. 
VL Keasurement of Bases — Appropriate and Direct. VII. Measurement of 
the Angles of Triangles — Azimuths — Astronomical Bearings. VHI. Correc- 
tions to be Applied to the Observed Angles. IX. Levelling — ^Difference of 
Level. X. Computation of the Sides of the Triangulation — The Three-point 
Problem. XI. Determination of the Geodetic Latitudes, Longitudes, and 
Azimuths, of Points of a Triangulation. XIL Summary of Subjects treated 
of in preceding Chapters — Examples of Computation by various Formulae. 
XIII. Projection of Charts and Plans. XJV. Astronomical Determinatiou of 
Latitude and Longitude. XV. Slagnetic ObservationB. XVL Deep Sea 
Soundings. XYIL Tables for Ascertaining Distances at. Soa, and a full 
Index. , 

List of Plates, 

Plate L Diagram illustrative of the Triangulation. H. Specimen Page 
of Field Book. HI. Running Survey of c Coast. lY. Example of a Running 
Survey from Belcher. V. Flying Survey of an Island. V'l. Survey of a 
Shoal. VII. Boat' Survey of a River. VIIL Three-Point Problem. IX. 
Triang^ation. 

Ooflln's Navigation. 

mfth Edition. 

12mo. Cloth. $3.50. 

NAVIGATION AND NAUTICAL ASTEONOMT. Prepared 
for the use of the U. S. Naral Academy. By J. H. C. Ooffiw, 
Prof, of Astronomy, Navigation and Surveying, with 52 wood- 
cut illustrationa. 
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Clark's Theoretical Navigation. 

8m Cloth. $8.00. 

THEORETICAL NAYIGATION AND NAUTICAL ASTRON- 
OMY. By Lewis Clakk, Lieut. -Commander, XJ. S. Navy. Il- 
lustrated' with 41 Wood-cuts, including the Vernier. 

Prepared for Use at the IT. S. Naval Academy. 



The Plane Table. 

Illustrated. 8vo. Cloth. $2.00. 

ITS USES IN TOPOGRAPHICAL SURVEYING. From the 
Papers of the U. S. Coast Survey. 

This work gives a description oi the Plane Table employed at the U. 8. 
Coast Survey Office, and the manner of using it. 



Pook on Shipbuilding. 

8vo. Cloth. $5.00. 

METHOD OF COMPARING THE LINES AND DRAUGHT- 
ING VESSELS PROPELLED BY SAIL OR STEAM, in- 
cluding a Chapter on Laying off on the Mould-Loft Floor. By 
Samuel M. Pook, Naval Constructor. 1 vol., Syo. With illus- 
trations. Cloth. $5.00. 



Brunnow's Spherical Astronomy. 

8vo. Cloth. $6.50. 

SPHERICAL ASTRONOMY. By F. Beitnnow, Ph. Dr. Trans- 
lated by the Author from the Second German edition. 



Digitized by 



Googk 



D. VAN NOSTRAITD, 



37 



Van Buren's Forimilas, 

8vo. Cloth. $3.00. 

INVESTIGATIONS OF FORMULAS, for the Strength of the 
Iron Parts of Steam Machinery. By J. D. Van Bujiek, Jr., 0. E. 
Illudtrated. 

This is an analytical discussion of the fomniliB employed by mechanical 
engineers in determining the rupturing or crippling pressure in the different 
parts of a machine. The formulsB are founded upon the principle, that the 
different parts of a machine should be equally strong, and are developed in 
reference to the ultimate strength of the material in order to leave the choico 
of a factor of safety to the judgment of the designer. —SiUimcarCs Journal, 



Joynson on Machine Gtearing. 

8vo. Cloth. $2.00. 

THE MECHANIC'S AND STUDENT'S GUIDE in <he Design- 
ing and Construction of General Machine Gearing, as Eccentrics, 
Screws, 'Toothed Wheels, etc., and the Drawing of Eectilineal 
and Curved Surfaces ; with Practical Eules and Details. Edited 
by Frakois Hbsbbbt Jotnsoit. Illustrated with 18 folded 
plates. , 

** The aim of this work is to be a guide to mechanics 'in the designing and 
oonstruction of general machine-gearing. This design it well fulfils, being 
pkiinly and sensiblj- written, and profusely illustrated.*' — ^unda^ Ti/nus. 



Barnard's Report, Paris Exposition, 

1867. 

Blnstrated. 8to. Cloth. 95.00. 

EEPOET ON MACHINEEY AND PROCESSES ON THE 
INDUSTEIAL ARTS AND APPARATUS OP THE EXACT 
SCIENCES. By F. A. P. Baewakd, LL.D.— Pauis Universal 
Exposition, 1867. 

" We have in this volume the results of Dr. Barnard's study of the Paris 
Exposition of 1867, in the form of an official Beport of the Government. It 
is the most exhaustive treatise upon modem inventions that has appeared 
sinoe the Universal Exhibition of 1851, and we doubt if anything equal to it 
has appeared this century.*'— /ournoZ Applied ChemUtry, 
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Engineeriilg Facts and Figures. 

ISmo. Cloth. $2.50 per Volume. 

AN ANNUAI^ EEGISTEE OF PEOGRESS IN MECHANI- 
GAL ENGINEERING AND CONSTRUCTION, for the Yeaxs 
1863-64^5-66-67-68. Fully aiustrated. 6 volumes. 

Eaoh volume sold separately. 



Beokwith's Pottery. 

8to. Paper. 60 cents. 

OBSERVATIONS ON THE MATERIALS and Manufacture of 
Terra-Cotta, Stone-Ware, Fire-Brick, Porcelain and Encaustic 
Tiles, with Remarks on the Products exhibited at the London 
International Exhibition, 1871. By Aethub Beckwith, Civil 
Engineer. 

" Everything is noticed in this book which comes under the h^^ of Pot- 
tery, from fine porcelain to ordinary brick, and aside from the inter^t which 
all take in such manufactures, the work will be of* considerable value to 
followers of the ceramic art.'' — Evening Mail, 



Dodd's Dictionary of Manufactiires, etc. 

12mo. Cloth. t^.OO. 

DICTIONARY OF MANUFACTURES, MINING, MACHIN- 
ERY, AND THE INDUSTRIAL ARTS. By Geobge Dqdd. 

This work, a small book on a great subject, treats, in alphabetical ar- 
rafigemeixt, of those numerous matters which come generally within the range 
of manufactures and the productive arts. The raw materials — animal, vege- 
table, and mineral — whence the manufactured products are derived, are suc- 
cinctly noticed in connection with the processes which they undergo, but not 
as subjects of natural history. The operations of the Mine and the Mill, the 
Foundry and the Forge, the Factory and the Workshop, are passed under re- 
view. The principal machines and engines, tools and apparatus, concerned in 
manufacturing processes, are briefly described. The scale on which our chief 
branches of national industry are conducted, in regard to values and quantities, 
is indicated in various ways. 
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Stuart's Civil and Military Engineer- 
ing of America. 

8yo. Illustrated. Cloth. $5.00. 

THE CIVIL AND MILITAEY ENGINEEKS OF AMEMOA. 
By General Charles B. Stuart, Author of " Naval Dry Docks 
of the United States," etc., etc. Embellished with nine finely 
executed portraits on steel of eminent engineers, and illustrated 
by engravings of some of the most important and original works 
constructed in America. 

Containing sketches of the Life and Works of Major Andrew EUioott, 
James Geddes (with Portrait^ Benjamin Wright (with. Portrait), Canvass 
White (with Portrait), David Stanhope Bates, Nathan S. Roberts, Gridley 
Bryant vwith Portrait), General Joseph G. Swift, Jesse L. Williams (with 
Portrait), Colonel William McRee, Samuel H. Kneass, Captain John Ghilde 
with Portrait \ Frederick Harbach, Major David Bates Douglas with Por- 
trait), Jonathan Knight, Benjamin H. Latrobo (with Portriiit), Colonel Char- 
les EUet, Jr. . with Portrait), Samuel Forrer, William Stuart Watson, John 
A. Koebling. 



Alexander's Dictionary of Weights 
and Measures. 

8vo. Cloth. $3.50. 

UNIVEESAL BICinONAEY OF WEIGHTS AND MEAS- 
URES, Ancient and Modem, reduced to the standards of the 
United States of America. By J. H. Alexa.ndee. New edition. 
1 vol. 

" As a standard work of reference, this hook should he in every library ; it 
is one which we have long wanted, and it will save much trouble and re- 
search." — SdenUfic American. 



Gouge on Ventilation. 

Third Edition Enlarged* 

8vo. Cloth. $2.00. 
NEW SYSTEM OE VENTILATION, which has been thoroughly 
tested under the patronage of many distinguished persons. By 
Heney a. Gotjge, with many illustrations. 
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Saeltzer's Acoustics. 

12mo. Clotli. $2.00. 

TEEATISE ON ACOUSTICS in Connection . with Ventilation. 
With a new theory based on an important discovery, of facilitat- 
ing clear and intelligible sound in any building. By ALExAjn)£K 
Saeltzek. 

'* A praotioal and. very sound treatise on a subject of great importance to 
architects, and one to which there has hitherto been entirly too little attention 
paid. The author's theory is, that, by bestowing -proper care upon the point 
of Acoustics, the requisite ventilation will be obtained, and 'cice versa. — 
Brooklyn Union* 



Myer's Manual of Signals. 

New Edition* Enlarged, 

12mo. 48 Plates full Boan. $5.00. 

« 

MANUAL OP SIGNALS, for the Use of Signal Officers in the 
Field, and for Military and Naval Students, Military Schools, 
etc. A new edition, enlaced and illustrated. By Brig. -Gen. 
Albert J. Mteu, Chief Signal Officer of the Army, Colonel of 
the Signal Corps during, the War of the Bebellion. 



Larrabee's Secret Letter and 
Telegraph Code. 

l8mo. Cloth. $1.00. 

CIPHEE ANl> SECRET LETTER AND TELEGRAPHIC 
'CODE, with Hogg's Improvements. The most perfect secret 
Code ever invented or discovered. Impossible to read without 
the Key. Invaluable for Secret, Military, Naval, and Diplo- 
matic Service, as well as for Brokers, Bankers, and Merchants. 
By C. S. Laeeabee, the original inventor af the scheme. 
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Hunt's Designs for Central Park 
Gateways. 

4to. Cloth. $5.00. 

DESIGNS FOE THE GATEWAYS OF THE 80UTHEEN 
ENTRANCES TO THE CENTRAL PARK B7 Richabd M. 
HxJNT^ With a description of the designs. 



Pickert and Metcalfs Art of Graining. 

Ivol. 4to. Cloth. $10.00. 

THE ART OF GRAININp. How Acquired and How Produced, 
with description of colors and their application. By Charles 
Pickert and Abraham Metcalf. Beautifully illustrated with 42 
tinted plates of the various woods used in interior finishing. 
Tinted paper. 

The authors preseixt here the result of long ezperienoe in the practice of 
this deoprative art, and feel confident that they hereby offer to their brother 
artieans a reliable gpoide to iviproremiqint in the praotioe of graining. 



Portrait Gallery of the War. 

60 -fine Portraits on steel. Royal 8yo. Cloth. $6.00. 

PORTRAIT GALLERY OF THE WAR, CIVIL, MILITARY 
AND NAYAL. A Biographical Record. Edited by Frank 
Moore. 



One Jj&'w in Nature. 

12mo. Cloth. |1.50. 

ONE LAW IN NATURE. By Capt. H. M. Lazelle,.XJ. S. A. 
A New OorpuM»Ji»T Tbeo^py, «eia{y»hewlm|p Unity of Force, 
Identity of Matter, and its jyCuldple Atom Oonstitutio&, applied 
to the Physieal Afifeeitions or Made» of Eneigy. 
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Ernst's Manual of Military En- 
gineering. 

198 Wood Guts and 8 Lithographed Plateiu 12mo. doth. $5.00. 
A MANUAL OP PEACTICAL MILITAEY ENGINEEE. 
ING. Prepared for the use of the Cadets of the TJ. S. Military 
Academy, and for Engineer Troops. By Capi 0. H. Ernst, 
Corps of Engineers, Instructor in Practical Military Engi- 
neering, H. S. Military Academy. 



Clmroli's Metallurgical Journey. 

94 niastrations. 8vo. Cloth. $2.00. 

NOTES OP A METALLUEGICAL JOTJENET IN 
EUROPE. By John- A. Church, Engineer of Mines. 



Blake's Precious Metals. 

8vo. Cloth. $2.00. 
EEPOET UPON THE PEECIOUS METALS: Being Statisti- 
cal Notices of the principal Gold and Silver producing regions 
of the World. Eepresented at the Paris Universal Exposi- 
tion. By William P. Blake, Commissioner from the State 
of California. 



Olevenger's Surveying. 

niastrated Pocket Form. Morocco Gilt. %%J^. 

A TBEATISE ON THE METHOD OP GOVEENMENT 
SUEVETING, as prescribed by the United States Congress. 
and Commissioner of the General Land Office. With com- 
plete Mathematical, Astronomical and Practical Instructions, 
for the use of the United States Surveyors in the Pield, and 
Students who contemplate engaging in the business of Public 
Land Surveying. By S. E. CLBVEiirGBR, U. S. Deputy Sur- 
veyor. 

^ The reputation of the author as a surveyor guarantees an exhaustive 
treatise on this subject."— DaA^to Begiiter, 
" Surveyors have long needed a text-book of this description.— 2^^ Pras. 
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SILVER MINING REGIONS OF COLORADO, with some 
account of the different Processes now being introduced for 
working the Gold Ores of that Territory. By J. P. Whitney. 
12mo. Paper. 25 cents. 



COLORADO : SCHEDULE OF ORES contributed by sundry 
persons to the Paris Universal Exposition of 1867, with some 
information about the Region and its Resources. By J. P. 
Whitney, Commissioner from the Territory. 8vo. Paper, with 
Maps. 25 cents. 



THE SILVER DISTRICTS OF NEVADA. With Map. Svo. 
Paper. 35 cents. • 



ARIZONA : ITS RESOURCES AND PROSPECTS. By Hon. 
R. C. MoCoRMicK, Secretary of the Territory. With Map. Svo. 
Paper. 25 cents, 



MONTANA AS IT IS. Being a general description of its Re- 
sources, both Mineral and Agricultural; including a complete 
description of the face of the country, its climate, etc. Illustrated 
with a Map of- the Territory, showing the different Roads and 
the location of the different Mining Districts. To which is 
appended a complete Dictionaiy of The Snake La.ngua.ge, and 
also of the famous Chinnook Jargon, with numerous critical and 
explanatory Notes. By Gkanville Sttjajbt. Svo. Paper. $2.00. 



RAILWAY GAUGES. A Review of the Theory of Narrow 
Gauges as applied to Main Trunk Lines of Railway. By* Silas 
Sbymouk, Genl. Consulting Engineer. Svo. Paper. 50 cents. 



REPORT made to the President and Executive Board of the 
Texas Pacific Railroad. By Gen. G. P. Buell, Chief Engineer. 
Svo. Paper. 75 cents. 
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Van NoBtrand's Science Series. 

It is the intention of the Bnblisher of this Series to issue them at inter- 
yals of about a month. They will be put up in a uniform, neat and attrac- 
tive form, 18mo, fancy boards. The subjects will be of an eminently 
scientific character, and embrace as wide a range of topics as possible, all 
of the highest character. 

Frioe, 50 Gents Eaoh. 
1- 

CHIMNEYS FOR FURNACES, FIRE-PLACES, AND 
STEAM BOILERS. By R Abmstbokg, C. E. 

s. 
STEAM BOILER EXPLOSIONS. By Zekah Colburk. 

3. 

PRACTICAL DESIGNING OF. RETAINING WALLS 
By Abthur Jacob, A! B. With Illustrations. 

4. 

PROPORTIONS OF PINS USED IN BRIDGES.. By 
Chables E. Bekdeb, C.E. With niustrations. 

c. 
VENTILATION OF BUILDINGS. ByW.F. Butlbb. With 
Illustrations. 

e. 
ON THE DESIGNING AND CONSTRUCTION OF STOR- 
AGE RESERVOIRS. By Abthub Jacob* With lUustra- 
tions. 

SURCHARGED AND DIFFERENT FORMS OF RETAIN- 
ING WALLS. By Jambs S. Tate, C. E. 

8. 

A TREATISE ON THE COMPOUND ENGINE. By John 
Tubnbull. With niustrations. 

G. 

FUEL." By 0. Wiluam Biemens, to which is appended the value 
of ARTIFICIAL FUELS AS COMPARED WITH COAL. 
By John Woemald, C. E. 
lO.—COMPOUND ENGINES. Translated from the French of 

A. Mallet. With Illustrations. 
11.— THEORY OF ARCHES. By Prof. W. Allan. With XUus- 
trations. 
%* Other Works in preparation. 
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